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OF THE INVESTIGATION. 



Datb 



(1) In a paper read before the Royal Society^ General Walker advo- 
cates the employment of '^ groups ^' of astronomical stations for 
the purpose of eliminating the effects of local attraction. In 
the same paper he explains the apparent preponderance of 
northerly deflections throughout India by assuming, that local 
attraction is producing a southerly deflection at KaJidnpur^ the 
station of reference of the Indian Survey. 
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1898 


(2) 


1898 


(3) 


1899 


(4) 


February, 
1900 


(5) 



It is decided to determine the effect of local attraction at 
Eali&npur by means of a '^ group " of astrondknical stations. 

Captain Lenox Conyngham commences to observe for both lati- 
tude and azimuth at all stations of the Kalifinpur group. 

Completion of astronomical observations at Kalianpur and at 
eight adjacent stations^ four being situated at an average 
distance of 9 miles, and four at an average distance of 80 
miles from Kali&npur. 

An analysis of the results of the observations of the " group " 
shows that local attraction is producing a northerly deflection 
at Eali&npur. 
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(6) Necessity arises of reconsidering General Walker's theory ex- 
plaining the preponderance of northerly deflections throughout 
India. 
June, (7) An examination of data discloses the fact that two-thirds of the 
1900 • southerly deflections observed in India are to be found situated 

within a narrow zone, running from east to west between the 
parallels of 24'' and 26"". 

(8) • Further examinations show that large northerly deflections pre- 

vail from east to west between the parallels of 24^ and 18^. 

(9) Great significance is attached to the fact that the parallel of 24^^ 

along which the deflections change sign, happens to be the 
parallel of the station of reference of the Survey. 
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21 and 102 

14-21 



(vi) 

Pats 



(10) It is assumed that the change in the sign of the deflections along 

the parallel of 24° is in some way connected with the relation- 
ship of this parallel to the station of reference. 

(11) The observed latitudes in Sub-Himalayan regions preclude the 

acceptance of Pratt's theory, that the Himalayas are wholly 
compensated. If a large Himalayan attraction exists at Dehi» 
Dun, it cannot suddenly cease south of Dehra Dun. 

(12) It is suggested that, if the Himalaya Mountains and Indian 

Ocean are uncompensated and are influencing the plumb-lines 
throughout India, a change in the sign of the deflections 
would appear along the parallel of the station of reference. 
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44-45 



14-ai 



April, 
1901 



October, 
1901 



(18) 



(14) 



(16) 
(16) 



The well-known discrepancy between the results of calculation 
(Pratt) and observation at Kali&na is opposed however to the 
assumption, that the Himalaya Mountains are uncompensated. 

The errors in Pratt's values of oceanic depths necessitate a re- 
calculation of the effects of the Himalayan mass and of the 
oceanic deficiency. 

A re-calculation shows that the Eali&na discrepancy is mythical. 

The results of latitude observations at 160 stations do not 
justify any theory of entire compensation of mountains and 
seas; they support the suggestion made above in (12). 



43-44 



49 
90 



93 



November, 
1901 



(17) The results of two arcs of longitude however, observed across India 

from coEtst to coast, cannot be explained except on the hypo- 
thesis, that the Indian Ocean is wholly compensated. 

(18) These longitude results, and the consequent adoption of the hypo- 

thesis, that the Indian Ocean is wholly compensated, necessi- 
tate the abandonment of the idea, that the change in the 
sign of the deflections along the parallel of 24^ is due to the 
joint action of Himalayas and Ocean. 



96-98 



100 



(19) If the Ocean is wholly compensated, and the Himalaya Moun- 
tains uncompensated, the latter will cause negative deflections 
north of latitude 24^ and positive south of latitude 24^: 
observations however indicate the opposite, viz.^ positive north 
of 24°, negative south of 24°*. 

(20). The evidence is conflicting : the large deflections in Sub-Hima- 
layan regions preclude the hypothesis, that the Himalayas ^e 
wholly compensated: the great preponderance of negative 
deflections south of 24° seems to indicate entire Himalayan 
compensation. 

(21) It is suggested that the change in the sign of the deflections 
along the parallel of 24° is not real, and is due to errors of 
the ellipsoid of reference. 



103 



100-103 



104 



* Kali&npTiT being the station of reference, a "negative" deflection denotes a deflec- 
tion more northerly than the deflection at Ealfanpnr, and a ** positive" de- 
flection denotes a deflection more southerly than the deflection at Eali&npiir. 
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(22) The observed arcs of longitude favour darkens value of the 

major axis and forbid the introduction of any considerable 
modification. 

(23) If Clarke's major axis be maintained^ no assumed error in Clarke's 

value of the ellipticity will suffice to explain the results of the 
latitude observations. 

(24) The negative deflections south of latitude 24^ cannot be attri- 

buted to errors of the ellipsoid of reference. 



(vii) 
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(25) The negative deflections south of latitude 24^ cannot be regard- 
ed as accidental or as due to '^ local '^ attractions. 



loa, 



December, 
1901 



(26) It is now believed, that the coincidence of the change of sign 

of the deflections with the parallel of the station of origin 
is accidental, and possesses no significance. 

(27) The change of sign in the deflections along the parallel of 24^ 

is attributed to a great underground chain of excessive den- 
sity stretching across India from east to west for over 1000 
miles, the effects of its attraction being visible from latitude 
16° to ktitude 80°. 

(28) This chain is the probable cause of the positive deflections north 

of latitude 24°, and of the negative deflections south. 

(29) It masks the true effects of Himalayan attraction : Himalayan 

effects thus suffer from both compensation and obscuration. 

(30) The longitude arcs of the Punjab lead to the belief, that the 

underground chain trends to the north-west in Bajputana, and 
maintains a parallelism with the Himalayas. 

(31) The effects of the chain are superimposed on those of a far- 

reaching Himalayan attraction, the latter perhaps deflecting 
the plumb-line at Cape Comorin through one or two seconds 
of arc. 
(82) South of the chain, from latitude 20° to latitude 8°, the northerly 
deflection of the plumb-line has been observed to decrease 
gradually for 800 miles, the total decrease amounting to lO^j 
from - 8^ in latitude 20° to + 2"" in latitude 8° ; this decrease 
is possibly a Himalayan effect. ' 
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PREFACE. 



i- i rfi i r^r- i rtfto j"!!^!^!^!*^ r" ^~ i r r ~ ^ 



Though the several parts of this paper constitute successive steps in one investigation^ these 
steps were taken^ so to speak^ in the dark : one step led to another^ and the earlier portions were 
written^ before the calculations of Part lY had been begun. If the paper were to be rewritten^ 
I should avoid in Part I an expression of views^ which are subsequently shown to be untenable. 

The problem of Himalayan attraction^ after lying dormant for many years^ has again 
forced itself on our attention : its solution requires more data than we yet possess^ but a periodi- 
cal investigation of the evidence is essential^ if we wish to design the most profitable programmes 
* of future work. Archdeacon Pratt considered that the attraction of the Himalayas was com- 
pletely compensated^ and that all discrepancies between astronomical and geodetic results might 
be attributed to local attractions. The examination of recent evidence suggests serious objections 
to the acceptance of this view. That the attraction of the Himalayas is partially compensated 
there are grounds for believing^ but that their influence ceases within a hundred miles of their foot 
is a conclusion^ that rests on no solid basis. I see nothing in the evidence to justify the belief^ 
that Himalayan attraction is inappreciable at Cape Comorin. 

A sense of loyalty to General Walker renders criticism of his theories an unwelcome 
task : such criticism can only be based on data^ that were never at his disposal and that have 
been accumulated since his death. lu 1896^ a few months before his deaths a paper by General 
Walker^ containing a masterly summary of Indian geodetic work^ was issued by the Royal Society : 
in tins paper General Walker advocated the adoption of '^ groups'' of astronomical stations for 
the purpose of eliminating the effects of ^^ local attraction " : he also in it explained certain 
perplexing phenomena by assuming the existence of a southerly deflection at Kali^npur^ the station 
of reference of the Indian Survey. In 1898 in consequence of this paper and in full accord with 
General Walker's views, we threw a " group " of astronomical stations round Kalianpur : their 
results showed that the deflection at Kalianpur due to local attraction was northerly : this unexpect- 
ed issue created a dilemma: either General Walker had been mistaken in advocating '^groups'% or 
his assumption of a southerly deflection at Kalianpur had been incorrect. 

I have to acknowledge the great assistance which I have received from Mr. C. H. Mc A'Fee^ 
Extra Deputy Superintendent, who was acting in charge of the Computing Office and who has 
superintended the publication of this pamphlet : the heights of compartments were averaged by 
Mr. J. Hickie, Extra Assistant Superintendent^ now Chief Draftsman in Calcutta, and by Munshi 
Aulad Husain, Sub- Assistant Superintendent, and were compared with values obtained independ- 
ently by myself : the computations have been carried out by Babu Shoshee Bhushan Shome, Senior 
Computer, and the effects of modifications in the ellipsoid of reference have been calculated by 
Babu Shiv Nath Saha, Second Computer. 

By the kind permission of Colonel St. G. C. Gore^ B.E., Surveyor General of India, I am 
enabled to attach as a frontispiece to this paper the cross-section of the outer Himalayas, which 
he has constructed from contoured maps. 

I am much indebted to Mr. C. L. Griesbach^ C.I.E.^ Director of the Geological Survey of 
India^ for valuable advice and information. 

DehbaDun: s. g. burrard. 

December 1901. 
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PART I. 



On the errors of the initial values of Latitude and Azimuth 

in India. 



In 1898-99 a group of latitudes and azimnths was observed ronnd Kali&npnr by Captain 
Lenox Conyngham. These observations are very important^ and it is desirable to review the 
results obtained for the purpose of discovering the most profitable directions for futnre progress. 

Groups of latitudes round a central station were first observed in India by Colonel John 
Herschel^ R.E.^ in 1870, and are considered to give a more reliable value of the local attraction 
at the central station than observations taken at the central station itself. On page 807 of Indians 
ConiributioM to Geodesy, General Walker writes ^^ Before mathematical treatment can be 
^ advantageously commenced, steps should be taken to diminish the local deflections by which the 
'' observations are burdened. In treating meridional arcs^ the only possible way is to combine a 
''number of the astronomical stations within a narrow belt, of parallel together, and take the 
'' mean latitude of the group : this gives us combinations of data which will be far more valuable 
''for mathematical treatment than the separate individual initial data, because the mean astrono- 
" mical latitude of a number of points may certainly be assumed to be far more free from deflec- 
"tion than the latitude of any single point''. 

On page [155] of the Geodetic Survey of South Africa 1896, Sir David Gill argues in 
favour of groups : he recommends that Principal Stations should be surrounded by six astrono- 
mical stations ; " If the astronomical latitudes and longitudes of these points "y he writes, " are 
" then determined, we have, from a discussion of the discordances between the geodetic and 
" astronomical results of the figure, all the requisite data for computing the local attraction at the 
^' central point '\ On page [157] Sir David Gill foresees, that if local attraction is persistent in one 
direction over large continuous areas, group observations would not avail to eliminate its effects, 
and he recommends in such cases, that the group be extended, till the centre of maximum deviation 
has been located and surrounded with astronomical points. 



The Local Attraction at Kalianpur deduced from the observations of all India. 

The local attraction at Kalifinpor was deduced by General Walker^ before the recent surround^ 
ing group of latitudes and azimuths had been obserred. It had always been noticeable^ that the 
.value of ( O — C )* in latitudes had a tendency to be negative^ and General Walker explained this 
tendency by the theory^ that the plumb-line at Kali&npur was deflected 2^ to the south : on page 
804 of Indians Contributions to Geodesy he writes '' Of the 148 astronomical latitudes aivailable 
'' there are 90 cases of negative excess to 58 of positive excess. If the latitude of Kali&opur ia 
^'diminished by 2^'^*0, the whole of the geodetic latitudes will be correspondingly diminished^ and 
'' this will make the number of positive and negative cases almost exactly equal f '\ 

« 

In the case of the fundamental latitude General Walker estimated the deflection: of the 
plumb-line after the Indian triangulation had been computed, but the effect of local attraction on 
the fundamental azimuth he deduced, before the reduction of the triangulation had been carried 
out. Thus the triangulation is based on an observed latitude, uncorrected for local arttraction, 
and on a derived azimuth, corrected for local attraction. The computed geodetic values of 
latitude are based on the observed latitude of Kali&npur, bat the computed geodetic values of 
azimuth are based on the derived azimuth of Kali&npur. On pages 137 to 141 of YoluMe II of the 
Great Trigonometrical Survey of India, General Walker explains, that of 35 stations situated in 
different parts of India, at which astronomical azimuths had been observed, the value e£ (O — C) 
proved to be negative at 26, and positive at 9, and he arrives at the conclusion — a conclusion 
generally accepted hitherto-— that the adopted value of the fundamental azimuth at Kalianpar 
was too great. He then collected all the stations at which azimuths had been observed, omitting 
those near the Himalayas, and finally derived a correction of — l'^* 1 to be applied to the observed 
azimuth at Kali&upur, thus arguing a local attraction of I'^'l cot ^ s 2'^'4& to the west. 

On page 446 of Volume XY, Great Trigonometrical Survey oi India, Colonel Strahan, 
following General Walker, deduces the probable deflection of the plumb-liBe in the Prime 
Vertical at Kali&npur from a comparison of the 55 astronomical Arcs of Longitude,, measured 
over India and Burma, with their geodetic values : he finds the zenith at Kalianpur to be probably 
displaced 3^^*42 to the eastwards, or in other words a local attraction of the pluml^line of about 
3^ to the westwards. 

* In determining deflectionB of the pinmb-llne we deduct the geodetic yalne from the astreBemlc; the astrMiomiic 
▼aliie is ohteroed^ and designated O : the geodetic value is computed through the triangnlatk)a from the initial elemente 
and designated C: the deflection of the plumb-line at auT station is taken to be (0-^C), the assnmplion being n:wde that 
C or the geodetic yalae is the true one. In the case of latitudes, if the plumb-line at any station is attracted to the 
north, the zenith will be displaced to the south, the observed latitude or O will be too small, and (O— C> will be negative. 
In the case of aasimuths, if the plumb-line at any station is attracted to the east, tbe senitk 'will be displaced to 
the west, the observed aiimuth or O measured from south by west will be too small, and (O ^ C) will ba negative. 
We therefore have the following rules of signs, always assuming that the value of C is correct:--^ 
If at any station (O — C) in latitude is negative^ the attraction in the mendian is northerly 
If (0 — 0) in latitude is positive, the attraction in the meridian is southerly 
If (0 — G) in azimuth is negative, the attraction in the Prime Vertical is easterly 
If (0 — C) in aadmuth is positive, the attraction in the Trime Vertical is westerly. 

t In comparing the number of cases of negative and positive excess it is difficolt to deefde wlkether to reject 
certain latitudes or not : it frequently happens that two or more astronomicid latitudes have been ebeerred within a few 
miles of each other, and it is questionable in discussing the latitude of all India whether we should regar<l each value as an 
Independent latitude, or whether we should adopt the mean of the group. Two latitudes were observed withia 6 miles of 
one another at Madras (see page 782 of India's Coniribuiions to Oeodety): six latitudes were observed within a radifis 
of 4 miles near Punnos (see group 1, page 778); the four latitudea of -group 2, and the three latitudea of gronp 3, 
page 778, are other cases in point : when General Walker gives 90 and 58 as the respective numbers of negative an^ 
positive excess, he is giving full weight to every observed value of every group ; if we take the mean of a group spread 
over a small area as a single value of latitude, and thus give equal wights to equal areas, we find that there> are, in^lndiB^ 
the lAtitndefl observed in the last two years, 111 instances of negative excess and 49 instances of positive excess, fhaagh 
this difficulty in the matter of combinations and rejections does exist, Oeneral Walker^s deduction of the meridieAal 
deflection at Kali&npur from the Indian latitudes as a whole has met with general approval, and of recent years a sontherlj 
attraction of 2" at Kali&npnr has been accepted as a working hypothesis in explanation of the exfiefis of negative values^ 



Before the group of Ifttitndes and aiimutha had been observed round EaKilnpnr^ the local 
attraction at Kali&npur had thus been deduced by Indian geodesists from the results of 148 
observed latitudes^ of 51 observed aximuths^ and of 55 arcs of longitude^ distributed over India . 
with the following results : — 

Deflection of the plumb-line in the meridian = 2"" to the south 

Beflection of the plumb-line in the Prime Yertical (as deduced from Azi- 
muths) = 2V to the west 

Deflection of the plumb-line in the Prime Vertical (deduced from Longi- 
tudes) ^ 3" to the west 

// remains now to be Men to what extent these results have been corroborated by Captain 
Lenox Conjfnffham's gro^ round KaHdnpur. 



The Observed Latitude of Kalianpur. 
The KaK&npar obserrations ean best be analysed in the following order >— 

(a) The latitude at Kalidnpur derived from obserrations at Kalianpur only. 

(b) The latitude at Kali&npur derived from observations at the group of surrounding 
stations. 

(c) The asdmuth at Kalianpur derived from observations at Kalffinpur only. 

(d) The azimuth at Kali&npur dmved from observations at the group of surrounding 
atations. 

The latitude of KalBLnpur itself has now been observed on six occasions as follows* :"— » 



Date 



1824-25 
183d-40 
1840-41 

February 1865 ... 
November 1865 ... 



Observer 



Geo. Everest 
Andrew Waugh 
Geo. Everest and T. 
Renny-Tailvour .. 
W. M. Campbell .. 
W. M. Campbell .. 
G. Lenox Conyngham 



Value 



24® f lo'^'76 + o''*l3 

10 '92 + o '08 

11 -18 + o *o7 
11 '44 + o '07 
10 '90 + o "07 
10 '59 ± o 'oS 



Mean 



.0 m' 



^. 



34" 7 10"^ '97 



* Lenox ConTiigham'B Talae is corrected for Tariation of latitude from the data fnniiflhed in Albrecbt^a Eeportt 
Potsdam, Febroaiy 1900: the earlier valaes sre QseoRected* 



The afloptea Initifa ^alne of latitude for fhe IncBan Shurvej k 24^ T W'i% : tliis valae 
'derived by Everest.'&om the results of 1824, ^25, 'S9/'4@ aad '41^ using the best values o£ the 
stars' places, that he could then obtain: his stars' places "have «ince been jwvised, and Everest^a 
mean value of latitude, though still the fundamental latitude <of India, is no longer deducible 
from the observations. The initial latitude of India therefore appears to be 0*^-29 too great, owing 
to errors of observation and atar's plaee. 



The Group -of Latitudes sround Killianpim. 

Astronomieal latitudes have been reeently observed by Captun Lenox Conyngham at 8 
stations round Kaliftiipur («ee Chart No. 1). 



Xhe results are as 


follows : — 




i 






8l»tioa 


Obflenred Latitude 


Correotion to 
Mean Pole 


Seconds 

of Corrected 

Obsenred 

Latitude • 

- 


Seconds 
of Computed 
Geodetic Lati- 
tude 
- 


- c- 

Salection of 

Plnmb-Uae in 

Meridian 


Dai&dhari 

Surantal 

Sironj, N. E. End Base 

Bhaor^sa 

Losalli 

Tinsia 

K&mkhera. 

Ahmadpur 


f 4t 

5438 18-83 
14 21-41 

8 55*46 

^ 5-13 
6 18-31 

6 29-11 

^3 59 4^-95 
.36 18-59 


'9 ' 

•^ 0'o6 
+ 0-14 
+ o-ji 
4- o-o8 
+ 0-15 
+ 0-15 . 
+ 0-14 
+ o-ii 


¥ 
18-89 

55:57 
521 

18-46 

.29 -46 

43' 09 
18*70 


¥ 

17-57 
20-42 

3-73 
19-17 

*7-97 

44-93 
20-88 


AT 

+ 1-3* 
+ 1-13 

+ a*oo 

+ 1-48 

- 0-71 
+ 1-29 

- 1-84 

- 2-x8 



The ^geodetic latitudes in this table have .been computed on the assumption, that the latitude 
.of KaKdnpur is 24° 7' 11^'26. It is significant that the positive values of (O — C) should be in 
,e^ce8S of the negative^ the results of the group being thus in opposition to those of all India. 

In the following table the latitude of Kaliftnpuris deduced from the observed latitude at 
,e^ch atation, by applying the geodetic difference of latitude derived from the triangulation : — 



StatioD.of Obseryation 


Observed Latitude 


Geodetic Difference 


Resulting Latitude 
of Kali&npur 




/ ¥ 


-/ // 


/ ¥ 


Dai&dhari 


24 38 18-89 


-gj 6-31 


24 7 12-^ 


Surant&i 


14 ai-55 


- .7 9' 16 


12-39 


Sironj, N.E. End Base 


8 55-57 


- I 4a'3i 


13-26 


Bhaor^a 


8 5'2' 


- 52-47 


14-74 


Losalli 


6 18-46 


+ 52-09 


10 -55 


Tinsia 


6 29-26 


+ 43-29 


^^•55 


Kamkhera 


*3 J9 43-09 . 


+ 7 ii6-33 


9-42 


Ahmadpur 


^6 18-70 

* 


+ 30 .50 '38 


9-08 


Mean of Len( 


)x Conynghamf's gr 


oup 


. 24°7'ii''-57 



We have now the three following Talnes of the latitude of EaKfinpnr :— 

Value adopted in oomputations of the triangulation 24"^ 7 11''26 



Mean observed value 



•*• 



Value derived firom the gproup 



•*• 



••• 



f •# 



0** 



24 7 10 97 
24 7 U 57 



On the assumption that the value derived from the group is freed from the effect of local 
attraction, we deduce that the astronomical eenith at Kalidnpur is displaced 0**60 to the south, 
mud that there is a deflection of the plumb-line in the meridian at Kalidnpur of (f'60 to the north. 

It has been explained, that Oeneral Walker, arguing from all India, estimated the meri- 
dional deflection of the plumb-line at Kali&npur at 2'' to the south. If we correct the initial 
latitude at Kali&npur, firstly, by — 0*''29 for error for starts place and observation, and, secondly, 
by + O'^ • 60 for local attraction as derived from the group, and introduce the value 24° 7' ll'^ • 57 into 
the computations, the excess of negative values of (O ~ C) in India over positive is increased; 
there will be then 117 cases of a negative value, and 43 cases of a positive value, and the mean 
WMgnitude of the negative values will be considerably greater than the mean magnitude of the 
positive values. 

The Fundamental Azimuth. 

The asimuth of Surant&l has been observed from Eali&npur on two occasions with the 
following results* : — 



Date 


Obeerver 


Value 


1886 
1898-99 


Geo. Everest 

O. Lenox Conyngham 


/ «f 

190 2y 6*20 
190 27 6"37 

• 




Mean ... 


190° 27' 6^-29 



Oeneral Walker's value of the fundamental Azimuth, derived from azimuths observed in 
different parts of India, is 190^ 27^ 5^*10 or 1*^*19 less than the latest mean observed value. 



The Group of Azimuths round Kalianpur. 

Astronomical Azimuths have been recently observed by Captain Lenox Conyngham at 8 
stations round Kali£npur. 



* Lenox Conyngham's valne is oozrected for Tariation of latitude from the data famished in Albreeht's Beport, 
Potsdam, Febmaiy 1900. 
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The results are u follows > 









Seconds of 


Seconds of 




Station 


Obaenred Aitmath 


Coirection to 
Mean Pole 


Obsenred Cor- 
rected Anmnth 


Oempnted Gee- 
detic Azimnth 


(0-C) 








-0 


-0 




m 


o / » 


1 

if 


If 


» 


it 


Dai&dhaii 


303 3a 52-53 


+ 0-15 


54-68 


50*41 


+ 2*^^ 


Surant&l 


10 27 43-37 


+ 0-oa 


43*39 


40-46 


+ a-93 


Sironj, N. E. End Base 


80 46 33-96 


+ o'o8 


34*04 


31-61 


+ a-43 


Bhaor^sa 


95 la 39*3<S 


4- o'li 


39*47 


38-08 


+ 1-39 


Losalli 


i^S 5a 55 '80 


— 0-07 


55*73 


57*30 


- 1-57 


Salot 


175 58 io-i6 


• • • 


10-16 


10-89 


- 0-73 


K&mkhera 


154 45 3<5*67 


- 0-05 


36 •6» 


35*3» 


+ x'3i 


Ahmadpur 


185 10 56- 97 


— Q*o8 


56-19 


53*91 


+ a-a8 



The Geodetic Azimuths have been computed on the assumption that the aiimuth ot 
Surant&i at Kali&npur is 190^ 27' b'^' 10. Again the positive values of (O— C) exceed the negative^ 
in apposition to the experience o£ all India. 

In the following taUe the value of the fundamental azimuth at Eali&npur is deduced from 
the observed azimuth at each station of the group by applying the geodetic difference of azimuth 
derived from the triangulation. 



Station of Observation 


Observed Aiimnbb 

1 


Seodetic diilerence' 

1 


1 Besnlting Azimnth 
at Eatifinpmr 


i 




C ' If 


' » 





/ » 


Dai&dhari 


•• • 


303 3* 5>*^8 


"3 5 45*31 


190 


a? 7*37 


Sdrantfil 


• • • 


10 a7 43-39 


179 59 M'^A 




8-03 


Sironj.N.E. End Base 


8to 46 34-04 


109 40 33'49 


1 


7*53 


Bhaor^ 




95 la 39-47 


95 14 37 -oa 


1 


6-49 


Losalli 




305 5» 55*73 


»i5 a5 5a*ao 


' 


3*53 


Salot 




^15 58 10- 16 


14 a8 54-3I 


1 


4*37 


K&mkhera 




154 45 3<5-<5a 


35 41 39-79 


1 
1 


6-41 


Ahmadpur 




185 10 56-19 


5 16 11-19 


1 


7*38 






Mean 


•*• ••• 


19a'' 


a/ 6* -39 



% 



We haye now the three following values of the azimuth at Kalidnpur : — 

Value adopted in oomputations of the triangulation ISC' 27 S'^'IO 
Mean observed value ... ... .•• ... 6*29 



Value derived from the group 



..• 



••• 



6-39 



On the assumption that the value derived from the group is freed from the effect of local 
attraction^ we deduce that the astronomical zenith at Kalifinpur is displaced 0""* 10 x cot ^=0''*22 
to the west^ that there is a deflection of the plumb-line in the Prime Vertical at Kali&npur of 0^*22 
to the east^ that the fundamental azimuth is 1^*29 too small^ and that every value of (O — C) 
requires a correction of — 1^'^*29. A complete list of the Observed Azimuths is published as 
Appendix It of this paper. It will be seen from that list^ that if Walker^s value of the initial 
azimuth be adhered to^ there are 150 negative values and 59 positive values of (O — C}*^, and that 
if the mean value derived from the group be accepted^ there will be 170 negative valuer and 89 
positive values. 

Deflection of the Plumb-line at Kalianpur. 

If the mean latitude and azimuth^ obtained from the group^ be assumed freed from the 
effect of local attraction^ the deflection of the plumb-line at the several stations of the group 
may be stated as follows : — 



Station 


Deflection of Plumb-line 


Effect on Asimuth 


Deflection in 

Prime Vertical 

-(O^-C^)cot^ 


Deflection in 
Meridian 




4f 


4r 


» 


Dai&dhari 


+ 0-98 


+ a-i3W. 


+ I •01 S. 


Sdrant&I 


-1- 1-64 


+ 3-64 W. 


+ o'8a S. 


N. E. End of Base... 


+ 1*14 


+ a-54W. . 


+ 1-698. 


Bhaorfisa 


+ CIO 


+ o-aaW. 


+ 1-17 S. 


Ealiftnpur 


— O'lO 


— o-aaE. 


— o'6o N. 


Losalli 


- a- 86 


- 6-38E. 


- i-oaN. 


Tinsia 


••• 


... 


+ 0-988. 


Salot 


— a'oa 


- 4*49E. 


• • • 


Edmkhera 


+ o'oa 


+ 0-04 W. 


- 3-15 N. 


Ahmadpur 


+ 0-99 


+ a'a7W. 


— »'49 N. 



* On page 804 of India's Contribations to Gteodesj, General Walker explains, that this predominance of negative 
Tallies can be eliminated by increasing the negative correction applied to the initial asdmnth. Bat according to the 
evidence of the gronp the correction to the initial admnth should be positiTe* 
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The deflection of the plumb-line at Ealttnpnr itself has thus been givem as {<dlovs> 





la tke Keddin 


la Ajdmnih 


In the Prime 
Veitioia 


By the group of latitudes round* 

KaliAnpur 
By the latitudes of all India ... 
By the group of aeimuths round 

Kali&npur 
By the azimuths of all India ... 
By the longitudes of all India . . . 


If 

0'6o North 
2*00 South 


1 

o-io East 
1-19 West 


If 

0*22 East 
2-65 West 
3-00 West 


Difference 


2* '60 


1 

l*'-29 


2^-87 



In each case the results of the group have falsified predictions based with confidence on 
the results of all India*. 

The contradicticHM with whidi we ave now faoed^ cause us to consider the following 
questions 2 — 

(a) Can any inequality in the distribution of matter in the immediate locality of 
Kali^npi\r be conceiwred^ that qan deflect the plumb-line S*'* 5 to the south- westt at Kalidnpur itself , 
and yet allow the mean, deflection^ resulting from eight surrounding stations in the vicinity, to 
be half a second]: to the north*east ? 

(b) Can there exist any external «ouroe of attraction affecting the plumb-line at every 
atation of 'the group, and rendering the mean determination of the deflection in error by 41! ? 

Explanation of Charts 4 and 6. 

In Charts 4 and 6 are shown four diagrams: — 

The first diagram gives a vertical section through stations on the meridian of Kaliinpur. § 
The deflections of the plumb-line in the meridjan on an exaggerated scale are shown in this 
diagram on the assumption^ that the mean of the group of latitudes is freed from the effect of 
local attraction. 

All the plumb-lines tend inwards: if their positions are to be explained on the hypothesis 
of some local irregularity of matter^ the assumption^ that appears least objectionable^ seems to be, 
that Kalidnpur is situated over the centre of a subterranean mass of excessive density attracting 
the plumb-line at Ahmadpur and DaiUhari inwards. This asmmption would not account for the 
excess of negative values in India. 

If the positions of the plumb-lines in Diagram No. 1 are to be explained on the 
hypothesis of some external f oroe^ it seems necessary to assume^ that a source of repukion exists at 



* It is woitk noting that the deflection in azimnth x cotangent latitndesdeflectien in prime yertical, and that 
1"* 19 X cot 24° 7' -2'' '65, and that tiierefore the deflection in the Prime Vertical derived from the azimnths of lAdia is 
2"^ 66 west, or only 0^'B6 less than the deflection of B" west derived independently from tike longitudes ot IiMlia* 
^ That is 2*^ south on the Meridian, «nd 3"" west on the Prime Tertical. 
0'''60 north on the Meridian and 0''-22 east on the Prime Vertical 
A description of Kaliinpnr and the snnonading country as given in Appendix I. 
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» oonriderable distance either to the north or south of the group. Such a source might affect 
the mean value of the group by 10^ or more, but not be shown up in the results. If it existed 
to the south, the plumb*line at Ahmadpur, the nearest station would be repelled slightly more 
than that at Kaii&npur, and that at Daiadhari slightly less. The astronomical latitudes observed 
at stations of the Great Arc immediately south of Ahmadpur afford no evidence of the existence 
of any such source of repulsion, vi^e Table of Latitudes, which follows page 14. 

We can redraw the first diagram on the supposition that a southerly attraction of V exists 
at Ralianpur, as was deduced by General Walker from a consideration of the Indian latitudes as 
a whole : this has been done in Diagram No. 2. 

A source of attraction south of Ahmadpur would deflect the nearer plumb-lines more than 
the further: a source of repulsion north of Dai^dhari might produce the deflections in this 
diagram. 

The existence of a source of repulsion north of Dai&dhari is not confirmed by the azimuth 
observations at Salot, but is not incompatible with the results of the latitudes observed at Kesri and 
Usira, init Table following page 14. Posstibly a further group of latitudes may locate such a 
source. The proof of its existence will be our justification for the retention of Walker's correc- 
tion of — 2' to geodetic latitudes. 

The third diagram gives a vertical section through stations on the Prime Vertical of 
Kali&npur : the deflections of the plumb-lines in the Prime Vertical on an exaggerated scale are 
shown on the assumption, that the mean of the group of azimuths is freed from the effect of local 
attraction. 

All the plumb-lines again tend inwards. Thin diagram will not explain the excess of 
negative values of {O ^ C) in azimuth, that prevails throughout India and Burma. 

We can redraw the third diagram on the supposition that a westerly attraction of S*^ exists 
at Kalttupur, as has been deduced by Walker and Strahan from a consideration of the Indian 
asimuths and longitudes : this has been done in Diagram No. 4. 

This diagram would show that a source of attraction exists between Kali&npur and LosallL 

The Calculations of Archdeacon Pratt. 

Before^ however, we endeavour to decide whether the contradictions at Eali&npur are due to 
local or external causes, it will be well to consider the external forces, that affect the plumb-line in 
India, and as an indispensable aid to this investigation, to recall the calculations and theories of 
Archdeacon Pratt*. 

In 1852 the Ven. John Henry Pratt, Archdeacon of Calcutta, was asked by Sir Andrew 
Waugh, Surveyor General of India, to turn his attention to the influence of Mountain attraction 
upon the operations of the Great Trigonometrical Survey of India. It had been pointed out by 
Everest in his Great Arc of India, 184-7, that if the curvature of the Indian Arc be taken the same 
as that of the mean figure, the observed latitude of Kaliana, a station on the Great Arc 5^ degrees 
north of Kali&npur, was 5^*236 less than its geodetic latitude, and the observed latitude of 



* Of recent yean we have been possibly too apt to attribate differences between astronomical and geodetic values 
to mere local deviations of gravity and to regard them as due to local irregolaritles in the distribution of matter in the 
immediate neighbonrhood of the stations of observation. The method of treating these differences by minimum squares 
can only be justified on the ground that they are purely local and accidental, and its practice has tended to strengthen 
the belief in their irregularity. The discovery, moreover, that deflections of the plumb-line occur in flat unbroken plains 
snd the theory, which it necessitated, that these deflections are due to invisible subterranean causes, have also helped of 
late years gradually to give rise to the idea, now generally prevalent, that local attractions obey no explicable law and 
that no result however contradictory need excite surprise. It is only in the presence of some enormous visible man, 
flttch as the Himalayan Mountains, and when large constant deflections of gravity occur, that an external source of 
attiaction aifectiog iaxge areas is admitted, and that the method of minimum squares is considered inapplicable. 



D£margida^ a station on the Great Arc^ «ix degrees south of Kalianpnr^ was S^^791 less than its 
geodetic latitude. The problem^ that Waugh set Pratt to solve, was to calculate by some direct 
method the actual amount of the attraction of the Himalayan mass^ and of the deflection given 
by it to the plumb-line. The results are shown at page 85 of Pratt's first paper, Philoso^cal 
Transactions of the Boyal Society, 1854, to be as follows : — 

Deflection of the plumb-line in the Meridian 

at Kalifoa 27*'-853 North. 

at Kaliinpur 1^-968 North. 

atDdmargida 6*^-909 North. 

Deflection of the plumb-line in the Prime Vertical 

at Kaliana 16*'-942 East. 

at Kalianpur 4'' -763 East. 

at D&margida 2"^ -723 East. 

Total deflections of the plumb-line 

at Kalifina 82''-601 in azimuth 8V 18' East of North 

at Kalianpur 12'' -880 in azimuth 21° 42' „ „ 

atDAmarglda 7''-426 in azimuth 21° 81' „ „ 

This calculation increased the dilQScuIty, which it was intended to remove, as the disturbing 
effect of the Himalayas was shown to be greater in amount than had ever been anticipated. 

It may be objected now that Pratt's knowledge of the mass and density of the Himalayas 
was deficient, and that a recalculation based on modern data might reduce Pratt's values of the 
deflections. Pratt took the density of the Himalayas at 2*75, whereas Mr. C. L. Griesbach, the 
present Director of the Geological Survey of India, informs me, that the mean density probably 
lies between 2*6 and 2*7: if we reduce the value of the density from 2*75 to 2*65 in Pratt's 
formulae, his deflections will be reduced by only one-twenty-fifth part. In the matter of area 
Pratt's southern limits of the Himalayan Range are geographically correct; the accuracy of his 
northern limits of the Tibetan plateau and of his position of the Altai Mountains is not very 
material, as the distant ranges exercised but slight effect on his results : he omitted the Hindu 
Kush and the Sulem&n Mountains, and he placed the Kuen Luen Range perhaps 100 miles too 
far north : an examination of Pratt's calculations teaches, that no reduction in the values of his 
deflections can be expected to result from the comparatively trifling corrections, which modem 
geographical knowledge might apply to his Himalayan and Tibetan areas. 



. 



In the matter of heights Pratt shows himself, that the deflections are more due to the 
table-lands and to the plateaus than to the higher and more prominent snow peaks : he takes the 
line joining Leh and Lhasa to be 10,000 feet high, and he assumes that the Tibetan plateau slopes 
gradually down to the north, and is 4,000 feet high in latitude 40° : the modem value of the 
height of Leh is 11,000 and of Lhasa 12,000 feet and the line joining them is known now to 
eross altitudes of 15,000 feet. Modern maps show heights of 15,000 and 14,000 feet in the 
centre of Tibet, where Pratt showed 7,000 only. No alteration of Pratt's heights, such as can 
be justified by modem explorations, will reduce his values of the deflections. 

Pratt's paper was answered by Sir George Airy, who suggested that there was probably a 
deficiency of matter beneath the mountains, which counteracted their effect upon stations in the 
plains : in a postscript to a paper on the English Arc of Meridian (Philosophical Transactions of 
the Boyal Society, 1855} Pratt states his objection to Airy's hypothesis, and gives his opinion, 
that the only explanation of the discrepancy, between his calculation and the results of the 
Indian Survey, is to be found in the curvature of the Indian Arc being greater than that of 
the Mean Figure. 
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In 1868 Pratt reduced to calculation (Pbiloaophical Transactions of the Royal Society^ 
1858) another hypothesis regarding deficiency of matter below the mountains^ viz., that the irre- 
gularities of the mountain surface have arisen from the expansion upwards of the crust of the 
earth from depths below^ which has upheaved the mountains and produced a slight but extensive 
attenuation of the mass below them : his calculations furnished the following results. 

Deflection in the meridian towards the south caused by a deficiency^ equal to the mass of 
the Himalayas^ and the mountain region beyond^ distributed through a depth of — 



• 


»t Kali£na 


at Kali6npur 


at D&margida 


lOOmilea 


26*-440 


12''111 


6" -855 


800 miles 


21* -106 


11" -678 


6"'866 


500 miles 


17*066 


9* -622 


6" -670 


1000 mUes 


n''199 


7''-886 


6* -220 



Pratt thus showed^ that the hypothesis of submontane deficiency was sufficient to produce 
a considerable amount of compensation for mountain attraction^ but by no assumption in the 
amount of the depth could he reconcile the apparent anomalies in the Iz>dian latitudes. '^ The 
'' existence of the mountain mass is a fact indisputable''^ he writes^ " not so the compensating 
" cause^ which is simply conjeetural as to its existence^ and altogether uncertain as to ita extent^ 
''if it exist". 

Whilst employed on this last calculation it occurred to him that the ocean was another 
visible cause of disturbance^ which might produce a sensible effect. In a paper read before the 
Boyal Society in 1859, (see Philosophical Transactions of the Royal Society)^ be calculates the effect 
of the ocean on the hypothesis that the deficiency of matter arising from the smaller density of the 
ocean produces a northerly repulsive force equal to the attraction of a mass of the same form and 
of a density equal to the excess of the density of rock over that of sea- water. 

Pratt assumed that the depth of the ocean was 8 miles^ in 38^ south latitude^ at a point 
2^00 miles south of Cape Comorin midway between Madagascar and Australia : at the centre of the 
Arabian Sea in the latitude of Cape Comorin he took the depth to be 1 mile^ and at the centre of 
the Bay of Bengal in the latitude of Cape Comorin he took the depth to be three-fourths of a 
mile*. He finds the calculated deflections to be as follows :— 

At Cape Comorin 19*- 71 North and 2*'-19 East. 

AtD&margida 10''-44 North and 1^*80 East. 

At Kalidupur 9''-00 J^ortb and 0*^-48 East. 

At Kalitoa e^'-lS North and 0''-09 Bast. 

He points out that although many depths in the Atlantic of 4 miles have been measured^ 
no deep sea soundings had been taken in the l9dian or Southern oceans^ and that his results 
must therefore be regarded as demonstrating that the effect of the ocean is of importance^ rather 
than as determining its amount. 

In a paper on the Indian Arc of Meridian (Philosophical Transactions of the Broyal Society^ 
1860) he abandons the theory^ which he had advanced in all his previous papers, that the Indian 
Arc was curved differently to the mean meridian of the earth, and he finally puts forward the ex- 
planation, that an exceu of density in subterranean matter not far south of Kalidnpur will deflect 

* Modem Adminlty charts give BonndingB which ahow that Pratt's depths were not too greaW 
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ike pbimb4ine at Kalidnpur to thes auth, and mil account far the anomalies in ike reeulti of the 
Indian Observed Latitudes. In « pamphlet^ published in 1869, at Calcutta^ he speaks of pecoliari- 
ties in local aitrHCtion^ *' such as that near Moscow^ and this near Kali&npur ^\ with a certainty 
greater than is visible in his paper of 1860. In his Figure of the Earthy dated 1871^ he calculates 
that there is a southerly deflection of the plumb-line of 3^*55 at Kalttnpur^ and he argues that an 
excess of density must exist near Kali&npur, " for the deflection at Kali&npur '\ he writes, " is 
considerably south'* *. 

The zone of Positive Values. 

Pratf s calculations were based on but three observed latitudes : we now possess the results 
of 161 observed latitudes, and cannot solve Pratt's problem. In the following table, are arranged 
the results of all the Indian astronomical latitudes brought up to date, 1901 ; reflection will show 
that the value of (O ^ C) is equal to the difference between the local attraction at any station and 
the local attraction at Kalianpur: assuming that the latter is nothings a positive value of (O — C) 
denotes southerly attraction, and a negative value northerly. The persistence of the negative 
sign is noticeable, not only under the Himalayas but over Southern India. The results of the 
Kali4npur group having rendered problematical the southerly deflection of 2^ at Kall&npur— a deflec- 
tion which had been asnumed in order to account for the excess of negative values of (O — C) in 
India — I have endeavoured to consider on what other hypothesis the excess of negatives can be 
explained. From the accompanying table it will be seen, that there are 117 instances of negative 
excess and 44 instances of positive excess : if we analyse the 44 instances of positive excess, 
we find that nine occur on or near the coast line from Madras to Mangalore : that five, mostly small 
in amount, occur in isolated positions amongst surrounding negatives in central India; thatthree^ 
two of which are less than 1^, occur near Amritsar in Northern India, and that 27 cases occur 
within a belt or Eone, crossing India from Karachi to Calcutta. (Vide Chart No. 6). 

If the plumb-line throughout India were attracted to the north by some great excess of 
matter, situated beyond our northern frontier, the values of (O — C) north of the parallel of 
Kali&npur would be negative, and the values of (O — C) south of Kalianpur positive : this is clear^ 
because the value of C depends on the deflection at Kali&npur, and this deflection, if the attracting 
force is north, is less than the deflection at northern stations and greater than the deflections at 

southern stations. 

* 

If on the other hand the plumb-line throughout India were repelled to the north by some 
great deficiency of matter situated south of Cape Comoriu, the values of (O — > C) south of the 
parallel of Kalianpur would be negative and the values of (O — C) north of Kali&npur positive. 

If we suppose the northern attraction and southern repulsion to be acting simultaneously^ 
we find that the northern force produces negative values north of Kali&npur and positive south : 
the southern force produces negative values south of Kali&npur and positive north: at a. certain 

Sarallel of latitude^ dependent on the relative rates of decrease of the two effects, the resultant 
eflections will equal the deflections on the parallel of Kali&npur^ and the values of (O — C) will 
equal nothing. 

General Walker's figures in Indians Contributions to Geodesy show that the substitution 
of Clarke's Axes for Everest's increases the negative tendency of (O — C) in latitudes south of 
Kali&npur, and the positive tendency north of Kali&npur: this substitution will accentuate and 
not remove the zone of positives. 



* Colonel Clarke, in his calnalations of the Fignre of the Earth, also makes the deflection at Kall&npar to be 
§€mth by 8*-678 in the Aeamnt of the Primipal Triangulation of tk€ Ordnance Survey^ by S^-^JS in Volmme JCZIX 
M^moirg M.A,8.^ bj I'''892 in his Qeodety, The resnlts of the group of observations have thus falsified all theoreticsl 
predictions. 
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The apparent lone oE poritives would not be eliminated, even if a aontherly deflection of V 
ai Caliinpnr were proved. If the yaluea of (O — C) in all India be corrected by + 2^, the difference 
in the mean direction of gravity in the zone from that in all India will remain the eame i there 
would still be a greater tendency to southerly deflection within the zone than beyond it. 
Mean value of (O — C) in the zone of positives ... ••• s + 1^*04 

Mean value of (O — C) south of the zone of positives ••. = — 3^*67 

Mean value of (O — C) north of the zone of positives ... s — 9*^*48 

Mean value of (O — C) north of the zone^ if six large Himalayan 

values are excluded ... ... ... ... = — 3'^*66 

Mean value of (O — C) in latitude for all India ... ... =s — 3^ * 83 

Mean value of (O — C) for all India excluding six large values = — 2^*47 
Whatever correction be applied to the initial latitude to dimitiate the value ^ 3 83 for all 
India^ the direction of gravity within the zone will remain inclined to the mean meridionaJ direc- 
tion for all India by 4'' - 87. 

Results of the Indian Observed Longitudes. 
There are 24 Longitude stations in India and Burma. 

The following table gives the values of (O — C) in Longitude for the arcs connecting 
KaKiinpur with each station. 









DefleotioD in 






(0-0) 


Prime Vertical 








-(O-O)cos^ 


(a) Stations near the meridian of Kaliftnpur. 


it 


4f 


Amritsar 


... ••  


- 3 'OO 


2 -55 West 


Agra ..• 


••• ••• 


+ 5 '55 


4 *94 West 


Bellary 


%f ••• 


+ -75 


* 79 East 


Bolarum 


••• ^ »• • 


- 3 '45 


3 - 29 East 


Bangalore 


■•• ••• 


+ % -85 


2 -78 East 


Nftgarkoil 


•• •« • 


+ I -So 


I '78 East 


tb) Stations in Western India. 








Bombay 
Mangdore .•• 


• a • ... 


- 6 '75 


6 '39 West 


{*• •« • 


- I -95 


I • 90 West 


Mooltan 


• • . .<«• 


+ 5 'lo 


4 '41 East 


Karachi 


« . « • . . 


+ -45 


-41 East 


Deesa 


... • . • 


+ 3 -60 


3 -28 East 


(c) Stations in Eastern India. 








Fyzabad 


... • • • 


- -45 


*4oEa8t 


Jubbulpore ..• 


••• ■• • 


— 10 'IW 


9 '37 East 


Madras 


• • a • .• 


— 7 -ao 


7 -01 East 


Waltairl 


•a. ••• 


- 3 "30 


3 * 14 East 


Calcutta 


... ... 


- 10-95 


10-12 East 


^d) Stations in Burma. 








Chittagong . . . 


... ... 


— II '70 


10*82 East 


Akyab 


... ... 


— II '70 


10/99 East 


Prome 


. . • ... 


-16 -35 


15-48 East 


Moulmein 


• • • ... 


-18 -30 


17.55 East 


(e) Stations near mountains. 








Peshawar 


• •• .. . 


-14 -25 


ii-8i West 


Quetta 


•■ • ... 


+ 2, -40 


2 '07 East 


Dehra Dfin ... 


. • • ... 


-a5 '65 


22*14 East 


Jalpaigun 


... ... 


— ao '40 


18*26 East 
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Tbe preponderance of apparent easterly deflections can be eliminated, ii a westerly 
deflection at Kali&npur be assumed to exist; as however Captain Lenox Conyugham's observationt 
at the group of surrounding stations do not support this assumption, it cannot be considered 
justifiable. 



The Observed Azimuths of India and Burma. 



In Volume II of the Great Trigonometrical Surrey of India, General Walker treated 6S 
observed azimuths in his endeavour to obtain the correct fundamental azimuth of India; many 
azimuths have been observed since that Volume was written, and a complete list of the observed 
azimuths of India and Burma is published as Appendix II of this paper. 195 such astronomical 
azimuths have been observed ; the value of (O— C) is positive in 57 cases and negative in 13S 
cases. But the value of C, the geodetic value^ is dependent on General Walker's derived value 
of the fundamental azimuth^ and, before we can treat the observed azimuths as a whole, we 
must replace the derived value of the azimuth at Ealianpur by the observed value. 

The azimuth at Kali^npur, as observed at KaliiLnpur itself, is 190"^ 27' 6'''29, {vide page j), 
and as deduced from the observations of the surrounding group is 190^ 27' 6^*39, {vide page 8); 
these two values differ but slightly ; ^e will select the latter as the true fundamental Aaimuth 
at Kalidnpur; General Walker's derived Azimuth is 190° 27' S'-'IO, or 1*^-29 too small*. 
If we increase the geodetic azimuths of India by 1^*29, we find that the value of (O — C) 
becomes positive in 87 cases and negative in 158 cases; General Walker's correction has therefore 
reduced the number of negative values of (O ^ C) from 158 to 138, and has increased the number 
of positive values from 37 to 57. If a line be drawn through Kali&npur north-east and south- 
west, i.e., through Bombay, Kali&npur, Lucknow^ it will be found^ that 33 of the 37 positive 
values lie north-west of that line^ and of the four values that lie south-east of it three are lesa 
than 1^. ( rtde Chart No. 7) . 

The triangulation of India was divided for the purpose of simultaneous reduction into six 
great areas : the firsts known as the North-West Quadrilateral, covers the whole country North- 
West of EaMnpur; the second, the North-East Quadrilateral, embraces the portion of India 
North-East of Kalidnpur up to the western Boundary of Burma : the third, the South-East Quadri- 
lateral, is the country South-East of Kalifinpur as far south as latitude 18° : the fourth, the 
South-West Quadrilateral, covers the country South- West of Kali4npur as far south as latitude 18^ 
The fifth, the Southern Trigon^ embraces the whole peninsular area south of latitude 18^^ and 
the sixth is the Burma Quadrilateral. 



* Bscanae the aiimath at KaUfopor has been re^obserred and deduoed from the gxoop* 
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The following table gives the mesn raliie of (O — C) and the nnmbers of posiftiye and 
]iq;atiye values found in the several areas : — 



Ana 


Gorrsofted Mean 

Talaoof (0-C) 

in asimuth 


G«nenJ Walker's 
(O-C) 


(0 — C) corrected 
by - l"-29 


No. of 

poiiitiTe 

Talues 


No. of 
negstire 

TUQM 

 


No. of 

poBitire 

Taluea 


No. of 

negaiiye 

Taluea 


N. W. Quadrilateral . . . 
N. E. Quadrilateral ... 
S. E. Quadrilateral ... 
S. W. Quadrilateral ... 
Southern Trigon 
Burma Quadrilateral ... 


It 

— 0*17 

— 6*14 

- 4*53 
+ Q-6i 

— 6'6% 
-13M 


36 

4 

6 
9 

2 



21 
34 

2 

34 

22 


^5 
4 

3 

5 



Q 


3» 

24 

38 
6 

3<5 

22 


Total . . . 


57 


138 


37 


158 



No positive values occur in Burma or the Southern Trigon: the few that fall in the- 
North-East Quadrilateral^ the South-East Quadrilateral and the South-West Quadrilateral are 
either north-west of the dotted line in Chart No. 7^ or situated very near to it on the southern side. 

It will be instructive to compare the deflections of the plumb-line in the Prime Vertical^ 
as deduced from Longitude and Azimuth observations, at those stations where both sets of 
observations have been taken : 



Area 



N. w. a 
N. w. a 

N. E. Q. 
N. E. Q. 

S. E. Q. 
S. E. Q. 
S. E. Q. 

S. T. 
S. T, 
S.T, 

S,T. 
Burma 



Stttioii 



Karachi 
DehraDun ... 

Bisaul (Fyzabad) 
Bamganj (Jalpaiguri) ... 

Earaundi (Jubbulpore) 
Calcutta 

Vizagapatam Base (Wal- 
tair) 

Mangalore ... 
Bangalore ... 
St. Thomas's Mount 

(Madras) 
Kudankulam (Nigarkoil) 

TauDgaun (Moulmein)... 



Deflection in Prime Vertical 



Bj Aiirauth 
ObserTatioDs 



635 E. 
%yQ% E. 

ii'ia E. 
as- 15 K 

ia"i4 E. 

^5-30 E. 

9*90 K 

19' aa E. 
30*11 E. 
a6-55 E. 

68«o8 E. 
47-53 E- 



Bj Longitude 
Obserrations 



0-41 E. 

aa'i4 E. 

0*40 E. 
18 -a6 E. 

9*37 E. 
10-12 E. 

3-14 E. 

1-90 W. 
a-78 E. 
7-01 E. 

I •78 E. 
i7'S5E. 



Disorepanoj 

between 
the Values 



5'94 
0-88 

10-72 
4-89 

a-77 

15-18 
6-76 



21-12 

^7^33 
i9'54 

66-30 
29-98 



Mean 

Discrepancies 

in the 

scToral 

Aseas 



// 



- 3'4i 



- 7'8i 



- 8-24 



1 



-33 '57 



—29*98. 



If die discrepancies in the laM oolnmn are assumed due to errors in tlie geodetic asimnths^ 
then the actual errors of the geodetic azimuths can be found by multiplying these discrepanciM 
by the tangent of the latitude thus : — 



Axea 


Mean error in 

Deflection in Prime 

Vertical 


Correipondinif 
error in Aamuth 


N. W. Quadrilateral ... 
N. E. Quadrilateral ... 
S. E. Quadrilateral ... 
Southern Trigon 
Burma 


4r 

- 3*41 ' 

1 

- 7-8i 

- 8-a4 

- 33*57 

* 


it 

- 1-78 

- 390 

- 3*«i 

- 6-98 

- 8-84 



In the following table the mean values of (O — C) in azimuth, obtained by -oomparing the 
geodetic and astronomic values of azimuth, are given : and beside them are shown the errors in 
azimuth^ deduced by comparing azimuthal and longitude results. 



N. W. Quadrilateral 
N. E. Quadrilateral 
S. E. Quadrilateral 
S. W. Quadrilateral 
Southern Trigon 
Burma 



Mean Talue of 
(O— G) in Ajsimuth 
obtained by com- 
paring Geodetic 
and Astronomic 
Acimutha 



0-17 
6*14 

4- 53 

. • • 

6* 6a 
13H 



Error in Azimnth 
deduced by com- 
paring the results 
of Aximuth and 
Longitude Observ- 
ations 



-1-78 
-3.90 
-3-21 

• « • 
-6-98 
-8-84 



It will be seen that there a^ reasons for believing, that the persistence of the negative 
sign in the azitnuthal values of (0 — 0) is due to errors of triangulation. In the North- WeA 
Quadrilaterial the deduced error in Azimuth is 2^ in excess of the mean value of (O — C) : in the 
Southern Trigon the mean value of (O — C) agrees with the deduced error in Azimuth : in tUe 
North-East and South-East Quadrilaterals^ the deduced error is 2'^ less than the value of (O— C) : 
in Burma the deduced error of the triangulation is — 9^ and the value of (O — C) is — IS'". 

The triangulation of the North-West Quadrilateral was the first reduced, and that ctf 
the South-East Quadrilateral followed: the North-East Quadrilateral had thus its western 
and southern sides fixed when its reduction began ; The Southern Trigon had the eastern haK 
of its northern side fixed before its reduction^ and the South-West Quadrilateral was fitted in 
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between three fixed sides. Any error in azimuth in the triangnlation of the North-West Quadri- 
lateral and Sottth-East Quadrilateral will therefore affect the North-East Quadrilateral : the errors 
of the South-East Quadrilateral will be carried into the Southern Trigon^ and those of the latter 
into the southern half of the South-West Quadrilateral : the errors of the triangulation of the 
North-East Quadrilateral will be carried on into Burma. The mean azimuthal closing errors of 
circuits of triangulation of the six areas are as follows : — 



Area 


Mean Closing 

Error in Azimuth 

of the 

Triangulation 


Average Error in 

Azimuth generated 

in 10 triangles 

of Triangulation 


N. W. Quadrilateral ... 
N. E. Quadrilateral . . . 
S. E. Quadrilateral ... 
S. W. Quadrilateral ... 
Southern Trigon 
Burma 


o'7 
0-8 

3.3 
1-8 


0-28 
083 
0-25 

1-33 
0-48 

0-58 



Positive yalues of (O — C) occur both in the North-East Quadrilateral aud the South- 
West Quadrilateral along the lines^ where these two areas abut against the North-West Quadri« 
lateral^ and doubtless the correctness of the latter's orientation has made itself felt for some 
distance within the interiors of the abutting areas : the occurrence of these positive values has 
tended to reduce the mean value of (O ^ C) in both the North-East Quadrilateral and the South- 
West Quadrilateral. Burma is affected by the full force of the errors of the North-East Quadri- 
lateral ; the closing error of the eastern circuit of the North-East Quadrilateral^ the circuit to 
which Burma is attached, is — 13^*14. 

Though the differen'ee in azimuth between two rays can be more accurately determined by 
triangulation than by astronomical observations when the rays are not distant from one another^ 
yet the errors of triangulation tend to accumulate and at great distances from the origin such as 
Cape Comorin or Moulmein, the accumulated error of the triangulation may exceed the error 
that local attraction is liable to produce in an observed azimuth. 



Other possible causes of the preponderance of negative values of (O — C) 

in Azimuth. 

It has been shown that there are reasons for believing, that the persistence of the negative 
sign niay be due to errors that have accumulated in the triangulation. But until the uncertainty, 
which at present surrounds the subject of Himalayan attraction^ has been removed, no conclusion can 
be final. In the Table on page 17 it had to be assumed that the errors of the axes of the Everest 
spheroid had the same effect in both Longitude and Azimuth : it was assumed, in fact, that the 
discrepancies between the Longitude and Azimuthal results were not due to errors of spheroid : 
this assumption is not justifiable ; it may be correct, but we have no present means of telling. 

At stations, however, on the meridian of Kalianpur, the errors of the adopted spheroid have 
no effect in either longitude or azimuth ; and yet the deflection in the prime vertical at Kudankulam 
(N^arkoil) as deduced from longitude observations is V*7^ East, and from azimuth observations 
is 68'^'08 East. If the island of Ceylon attracts the plumb-line at Kudankulam (N&garkoil) 
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or if the Arabian Sea repels it^ the same effect should be exhibited by the longitude and asimutb 
observations. It is difficult to avoid the conclusion that the discrepancy here is due to errors of 
the triangulation. 

The largest values of (O — C) in azimuth occur in Burma, where the negative sign is 
persistent. The Himalaya mountains tend to render values of (O— C) in Burma positive: their 
effect, if they have any, is therefore masked by more powerful influences. The interposition of 
the Bay of Bengal between India and Burma gives a positive tendency to values of (O— C) in 
India and a negative tendency to Burma^ but its presence does not account for the discrepancy 
between the results of the longitude and azimuth observations at Moulmein, (vide page 17). 
Longitude observations in, Upper Burma, and a better knowledge of the heighte and masses of 
the mountains of Burma will help towards the solution of the problem. 

Dehra Duni 

June 1900. 



POSTSCRIPT. 



Febrttary, 190L 
A second zone of positive values. 

Since the above paper was written, I have come to the conclusion, that the positive values- 
of (O— C) in latitude^ that preponderate over the extreme south of India, {vide Chart No. 6), 
may possibly constitute a second zone of positive values, produced like the first by a combinatioK 
of Himalayan and Oceanic influences. The positive values of Soufh India have always been 
regarded as proofs, that the plumb-line is attracted towards the Oeean^, and on this account 
great interest attaches to them. If (O— C) in latitude is positive, O must be greater than C, the 
observed latitude must be too large, the plumb-line must be deflected towards the south : this is 
the reasoning, that has led us believe in defleetions towards the Ocean. But in truth we have no 
justification for assuming C correct. If (O— C) is positive, the only true inference is, that O has 
been influenced less by northerly attraction (or more by southerly attraction) than C. 

At Punnffi in the south of India the value of (O— C) in latitude is positive : the inference 
has been drawn that the plumb-line at Punne is deflected towards the Ocean. If we are correct 
in arguing from the preponderance of negative values throughout India, that the Deflection at 
Kalidnpur is south, then the positive value of (O— C) at Punnss denotes southerly attraction. 
But if we pretend to no knowledge of the absolute deflection at Kali&npur^ then the positive 
value at Punnse merely indicates a more southerly or less northerly deflection than at Kali&npur. 

The positive value of (O— C) at Amritsar near the Himalayas, (viofe meridian of 74^ in 
Table following page 14), has been held to prove, that Himalayan attraction has no far-reaching 
effect: but this proof again is dependent on the correctness of the method of deducing the 
deflection at Kali&npur. If the deflection at KaU&npur as deduced from the results of ail India 
is accepted, then the positive value at Amritsar proves the weakness of Himalayan attraction. 

* Vide page 806, Philosophical Xransactions Royal Society, Volume 186, 1895, Indians ContribntioDS to Geodesy : 
^ The whole of the arcs (t.0., of loogitade), except those from Waltair, show deflection towards the ocean and not towards 
'*the interior of the continent. The astronomical Utitndes in the Southern Peninsula tell the same tale of deflectiQii. 
** towaardfl the ocean ". 
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But the only true inference from the resnlts oE the group is, that the meridional deflection at 
Amritsar is le$s northerly than at Kali&npur, a fact that is not surprising^ seeing that the Hima- 
layan mass is east of Amritsar and north-east of Kaliinpur. 

Examples might be multiplied, but it is only necessary to mention one more, viz., the case 
of Kesri, on the meridian of 77^ 30' in latitude 26^ 46', {vide the Table following page 14) . Kesri is 
112 miles due north of Kalianpur, and the appearance of a large positive yalue between Elali&npur 
and the Himalayas has been considered to indicate the absence of Himalayan influence : but this 
positive value has no real significance : it merely denotes, that some local cause gives a deflection 
to the plumb-line at Kesri, more southerly by 5'^ than the deflection at KaU&npur. The Kesri 
result will continue to denote this single fact, whether Himidayan attraction is found to be 
far-reaching or not*. 

Let us assume that the alternate positive and negative zones, shown on Chart No. 6, are due 
to the combined influences of the Himalayas and the Ocean : then the positive zone in latitude 
25^ will signify, that northwards from Kaliinpur the influence of the Ocean is decreasing more 
rapidly than that of the Himalayas is increasing : as however the Himalayas are more nearly 
approached, their influence begins to increase more rapidly : in the centre of the positive zone 
there will be a line of maximum positive values of (O — C), and of minimum absolute deflections ; 
from this line the inerease in the Himalayan influence is greater than the diminution of the Oceanic 
influence, and in latitude 26° a line is met with, along which the deflections are i^ain as great as 
that of Kal^pur : thenceforward northwards the deflections increase rapidly. 

Southwards from Kali&npur the preponderance of negative values denotes that the 
influence of the Ocean is increasing to the south more rapidly than that of the Himalayas is 
decreasing: between the parallels of 18P and 2QP a belt of maximum negative values is found 
to exist, which indicate the places of the greatest northerly deflections south of KaHiupur : after 
this belt is passed, Himalayan attraction begins to decrease more rapidly than Oceanic influence 
is increasing: deflections consequently become less northerly south of latitude 18°, and in 
latitude 14P are again equal to the deflection at Kali&npur : south of latitude 14°^ deflections 
continue to decrease owing to the wania&g effect of the Himalayas, and a second positive zone is 
created. The slow rate, at which the Oceanic influence increases southwards from latitude 18°, is 
in strange contrast to the rapid increase of deflections, that accompanies an approach to the 
Himalayas, and may possibly be due to the fact that the effects ef the Arabian Sea and the Bay 
of Bengal south of latitude 15° begin to oppose the influence of the Indian Oeean. 

If we divide India into the four zones of Chart No. 6, the negative and positive values of 
(O — 0) in latitude will be found distributed as f oUows : — 
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(1) Northern negative zone 

(2) Positive zone north of Kali&ipur 
(8) Negative zone south of Kaliinpur 
(4) Southern positive zone 



The mean values of (O — G) in latitude are as follows 

(1) Within the northern negative zone 

(2) Within the northern positive zone 
(8) Within the southern uegative zone 

(4) Within the southern positive zone 

(5) In all India 



• t • 



ro(itiT» 


ireg«tiT» 


TaluM- 


ValoM 


8 


ss 


26 


IS 


5 


70 


d 


1 




tr 




-94S 




+ 104 




- 4-47 




+ 2-08 




- 8-85 



* The surface of India consists of alluTinm north of Kesri, and of rock to the south t the change from allnyinm to 
gneiss, trap and Yindhyan rock occurs near Kesri. East of KiHiDpiir the northern positive tone follows the line> where 
the alluvium and rook join, as far almost as the Bay of Bengal. 
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No mean correction^ applied to the latitude of Ealifinpnr^ can alter the differences between 
the mean yalnea of (O— C) of the seyeral zones : a diminution of 2^' in the latitude of Eali&npur 
will decrease the areas and mean values of the negative zones^ and increase those of the positive 



The existence of the zones cannot be attributed to errors of the Everest spheroid : if we 
select a spheroid that eliminates a positive preponderance north of Kali&npur and a negative 
preponderance souths we enhance the apparent effects of Himalayan attraction in the northern 
negative zone^ and increase the positive values in South India : we also cause the northern negative 
zone to expand southwards^ and the southern positive zone to spread northwards. If we select a 
spheroid that eliminates the positive values in South India^ we cover the whole Indian peninsula 
south of KaU&npur with negative values^ and we increase the northern positive zone. 

S. Q. B. 
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PART II. 



The deflections at Kalianpur calculated from the configuration 

of the ground in the vicinity. 



The two rival systems of deflections. 

In Charts Not. 4 and 5 are given fonr diagrams ; two of these diagrams^ Nos. 1 and 8^ show 
the deflections of the plumb-line as deduced from the results of the Kalifinpur group : the remain- 
ing two diagrams Nos. 2 and 4 show the deflections of the plumb-line as deduced from the results of 
all India. Diagrams Nos. land 8 have been constructed from the astronomical data derived from 
a group of stations^ aU situated within a radius of 85 miles : Diagrams Nos. 2 and 4 have been formed 
from data derived also from a group of stations^ the area embracing all India. There are no 
theoretical reasons for limiting the area of a group^ and there are no scientific objections to a 
large group. But if an area of 8,000 square miles were bounded on the north by high mountains 
and on the south by deep seas^ it would not be considered a favorable locality for an absolute 
determination of deflection ; and an area of 4,000,000 square miles, if similarly situated, may 
possibly be unfavorable also. 

When considering whether the first or the second of the two rival systems of deflections 
is the more probable or the more acceptable, we must never lose sight of the essential difference 
between them : Diagrams Nos. 1 and 8 merely pretend to show the relative deflections of the plumb- 
lines inter se at the stations of the Kali&Dpur group : the plumb-lines may all have a large 
constant additional deflection superimposed by external sources of disturbance ; but of external 
sources Diagrams Nos. 1 and 8 have no cognisance : Diagrams Nos. 1 and 8 give the absolute 
deflections, that would obtain at Kalidnpw, if aU outside influences were removed: they give, in 
fact, deflections due to purely local attraction. 

Diagrams Nos. 2 and 4 go further : they pretend to give not relative deflections but absolute. 
Diagram No. 2 states definitely that the plumb-line at Kalifinpur is deflected to the south 
through 2^. Diagram No. 1 claims no knowledge of Himalayan attraction : Diagram No. 2 
certifies, that neither the Himalayas nor the Ocean have any influence at Kali&npur. When the 
negative values of (O— C) in latitude and azimuth predominate in India over the positive^ it is 
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to bring about an equality^ if we diminish the latitude and azimnth of onr station of origin : 
but this expedient entaus the assumption of a knowledge of Himalayan attraction greater than 
we possess. 

The two systems of deflections may be exhibited thus : — 



Statioii 



Daitdhari 
Sdjrant&l 



•  • 



Siron j, N.E. End Base 

Bhaoriisa 

Kali&npur 

Losalli 



In the Meridian 



The "Group" 
System 



Tinsia 
Salot 

K&mkhera 
Ahmadpnr 
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+ i-oi S. 

+ o*8a S. 

+ 1-69 S. 

+ 1-17 S. 

— o*6o N. 

— I'oa N. 
+ 0-98 S. 



The " Mean of 
India "System 



- 2-15 N. 

— a '49 N* 



+ 3'6i S. 

+ 4*29 S. 

+ 3*77 S. 

+ a-oo S. 

+ 1-58 S. 

+ 3-58 s. 



In the Prime Vertical 



The "Group" 
System 



+ 0-45 S. 
4- c-ii 8. 



4- a-i3W. 

+ 3-64 w. 

4- 2-54 W. 
+ o-mW. 

— caa E. 

- 6-38 E. 



The " Mean of 
India "System 



+ 5-35W- 
4- 6-86W. 
+ 5-76W. 
+ 3*44 W. 
4- 3'OoW. 
- 3-16 E. 



- 4-49 E, 

4- 0-04 W. 



— i-a7 E. 
+ 3-a6W. 

+ 5*49 W- 



Whatever value be adopted for Ealianpur itself, its difference from the deflection of each 
other station will remain the same : therefore, if we impose on Kali&npur a deflection of 2^ to the 
south in the meridian^, we must increase the deflection of every station, as given by the group 
system, by 2''''60. A deflection of ^' to the south at KaUdnpur must be accompanied by a 
southerly diction at every station of the group. There should exist therefore some powerhd 
hidden cause, affecting the whole area of the group and vitiating all observations ; it should not be 
far from Kali&npur, as it does not affect India as a whole, its existence having been assumed 
for the purpose of equalising positive and negative values throughout the peuinstda. . I put 
forward the plea, that we should locate this cause in sitd, before we use it in support of theories. 
If attractions were due only to visible hills, it would not be possible for us to assume suitable 
deflections, unless they were justified by the actual configuration of the ground : an imaginary 
subterranean cause is not a safe explanation of theoretical anomalies, unless it be accompanied 
by direct proof from the ground. 

It had been prophesied that Ealltopur would be found to resemble Moscow. At Moscow 
on a line 60 miles long, running nearly east and west over a flat plain^ northerly deflections of 8^ 

* For the purpose of eqnalisiBg the nombeis of poeitiye and negatiye values of (0 — G) in latitude. 
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are foimd : along a parallel line nine miles to tlie aonth the plnmb-lines hang vertical^ and along a 
third line^ nine miles further to the souths the deflections are southerly and amount to Sf^^ 
Fourteen miles north of the line of maximum northerly attractions^ and fourteen miles south of 
the line of maximum southerly attractions the plumb-lines recover the vertical position. A case 
such as Moscow^ though often quoted as typicalj is practically unique : there is nothing in Indiato 
be compared with it. 

Before we can investigate the deflections at Ealianpuri that are due to wbterranean causes; 
we must clear the observed deflections of the effects of the visible configuration of the surface; 
A description of the country round Kali&npur is given in Appendix I of this paper. The surface 
is flat and there are no mountains : but a plateau exists 200 to 250 feet higher than the general 
level of the country^ and some of the stations of the group are situated on the plateau^ others to 
the south and east of it. The deflections due to this plateau and to surrounding dislevelments of 
the surface must be calculated. 

The Method of calculation. 

The method of calculation has been taken from Colonel Clarke's Geodesy. We possess 
maps of the district on the scale of one inch to the mile. Bound each station^ as a conmion 
centre, ten circles have been drawn, and through each station a series of twelve radial lines : the 
country round each station has been thus divided into a series of four-sided compartments : 
let Oi and a' be the azimuths of two consecutive lines, and n and r' the radii of two consecutive 
circles, then Colonel Clarke shows that the deflection in the direction north caused by the mass of 
the compartment contained between limits o^ and a', and r^ and r' is 

S r' 

12*^*44 -^ A (sin a'— sin Oj) log^ — , 

where S is the density of the mass, A the mean density of the earth, and h the average height of 
the upper surface of the mass above the station. 

The radial lines have been drawn at equal intervals of 30° in azimuth : the method, followed 
in the Ordnance Survey, of so drawing these lines, that the sines of their azimuths were in 
arithmetic progression, could not be adhered to, as the deflections both in the prime vertical and 
in the meridian were required at Kali&npur. The approximate deflection in the prime vertical 
was derived from the formula 
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f .44 J ^^Qg a' — cos oj log, — . 



The radius f" was taken equal to 2r^, and thence log, — is equal to 0*693. 

The deflection due to each sector and not to each compartment was calculated : -^ was as-^ 
sumed = 0*6 : the formula for the deflection in the meridian for each sector thus became 

12^-44 X 0-5 X 0'698 x ^%^^ x (sin a' - sin aj 
= (rO00817 { [h] - 9H} (sin o' - ain aj. 
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wLeie J7 s the height of the station^ and [h] = the sum of the average heights of the nine com- 
partments in a sector. 

The calculation was extended to a distance of 64 miles from each station : this limit was 
adopted^ because irregular masses of ground situated at a greater distance than 64 miles will 
not affect Kaliilnpur differently to the mean of the group : our object was to find not the absolute 
deflection at Kal^pur resulting from all external causes, but the relative deflections existing at 
stations of the group, and we could therefore neglect all distant masses, whose average effect on 
the group did not differ from their effect at KaliiUipur itself. 

The calculation was commenced at 220 yards from each station : the maps are not contour- 
ed and relative heights cannot be ascertained with sufficient accuracy to justify a nearer approach 
than 220 yards. The heights of compartments were read off the map, and were averaged for this 
calculation by Captain Lenox Conyngham, whose intimate knowledge of Kaliftnpur and its 
vicinity enabled him to appreciate the topographical features of the map. The ground immedi- 
ately surrounding the stations was as a rule flat and without feature : at the few stations, where 
there was a drop of 100 feet within the radius of 220 yards, the drop was uniform on each side. 
The only station, about which Captain Lenox Conyngham felt uncertainty, was Ahmadpur : this 
station is situated on a truncated pyramid of rock, rising 250 feet above the plain : a drop of 150 
feet occurs on each side within 220 yards, and at the summit the station is nearer to the southern 
precipice than to the northern slope. The error caused in the calculated value of the deflection 
by this want of symmetry may be found approximately as follows : — Suppose the top of the hill to 
be a circle of 80 yards in diameter, and suppose the station to be 10 yards from the southern 
precipice and 20 yards from the northern : then on the north side there will exist part of a hollow 
cylinder concentric with the station : the inner radius of this cylindrical shell is 10 yards, and the 
thickness of the shell is 10 yards : the waUs of the shell do not extend south of the prime 
vertical. The effect of such a shell on the north side, if uncompensated by matter on the south 
aide, will be by Colonel Clarke's formula, assuming the height of the shell to be 150 feet, 

iru X 4 X ^ X 0-698 X assCM. 
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DAlAOHARI. 
Height above Mean Sea Level = 1 867 feet. 

Heights of Compartmenta in feet. 
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Calculated Total Deflection in the Meridian 
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Calculated Total Deflection in the Prime Vertical = + o '33. 
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SURANTAL. 
Height above Mean Sea Level =1802 feei. 

Heights of Compartments in feet. 
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Calculated Total Deflection in the Meridian = + o^'ii. 

Calculated Total Deflection in the Prime Vertical s + x • i x. 
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NORTH-EAST END OF SIRONJ BASE. 
Height above Mean Sea Level = i/^%ifeeL 

Heigbts of CompartmeDts in feet. 
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BHAORASA. 
Height above Mean Sea Itevel =■ i^^jfeei. 

Heights of Compartments in fee^ 
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— o*o6o 


Sin a' •«- sin ai » A 


+ 0-500 


+ 0-366 


+ 0*134 


-0-134 


-0-366 


-0-500 


-0-500 


— 0*366 


-0134 


+ 0-134 


+ 0-366 


+ O'5oo| 


B X A iB Defleotions 
in Meridian 


—0-17 


-••o'i6 


—0-04 


fO-03 


— 0-04 


—0-04 


+ 0-01 


0-00 


*-oo5 


+ 0-04 


+ o*o8 


—0-03 


OoB fl/ — 008 aj « B 


^0-134 


-^0-366 


-0-500 


— 0-500 


-0*366 


-0-134 


+0134 


+ 0-366 


+ 0*500 


+ 0-500 


+ 0-366 


+ 0-134 


B X B - Deflections 
' in Prime Vertical 


+ 0-05 


+ o-i6 


+ 0-I4 


+ o-o6 


— 0*04 


— o-oi 


O'OO 


O'OO 


+ o-(8 


+ 0-15 


+ o-o8 


-O'OI 



Calculated Total Deflection in the Meridian = — 0^*38. 

CAlcul«tted Totnl Deflection in the Pnme Vertical s= + o * 76, 



I.' 



S' 



J / 



KALIANPUR. 
above Mean Sea Level = 1 765 feet. 

Heights of Compartments in feet. 







SECTOBS 1 


Baduof AmraU 


N. 


N.B. 


E. 


8.B. 


s 


. 


8.W. 


w. 


».W. 


^• 


1^-80° 


- 60P 


- W 


-120° 


-160° 


-180° 


-210° 


-240" 


-270° 


-800P 


-830° 


- 0° 


• 


^ 


.»-0P 


- 80P 


- W 


- W 


-120* 


-160° 


-180P 


-210° 


-240° 


-270° 


*.8oa» 


-880° 


milet 
015 


mile* 

0'185 


1755 


1750 


1750 


1760 


1750 


1750 


1750 


1745 


1740 


• 

1750 


1760 


1760 


OS 


o*J5 


1755 


1790 


1720 


1750 


1740 


1740 


1740 


174© 


1730 


172© 


1750 


1750 


1 


0-5 


1700 


1690 


1730 


1750 


1730 


17S0 


1720 


17©© 


1720 


171© 


>75o 


1750 


% 


1 


1630 


1600 


1680 


1680 


1680 


170© 


17©© 


17©© 


169© 


17©© 


1730 


1740 


4 


a 


1630 


1580 


1580 


1570 


1580 


1650 


169© 


17©© 


168© 


17©© 


170© 


1730 


8 


4 


1680 


1460 


1450 


1450 


1500 


1750 


165© 


165© 


168© 


168© 


17©© 


170© 


16 


8 


1720 


t54o 


1450 


1400 


M50 


1600 


165© 


165© 


1700 


17©© 


i7©o 


17©© 


3» 


16 


»55o 


1450 


1400 


^$%o 


1350 


138© 


»53* 


165© 


1550 


1700 


1710 


17©© 


64 


3« 


1580 


1500 


1400 


1400 


1800 


165© 


150© 


15©© 


1350 


14©© 


141© 


1600 


Sum — 15885 - 8 


- 905 


-1595 


-«735 


-«775 


-«3«5 


- 945 


- 955 


" 850 


-1045 


- 815 


- 675 


- 455 


8 X •000817 ->B 


-o'739 


-1-303 


-1*417 


-1-450 


-1*074 


— ©*772 


-©•780 


-0-694 


-©•854 


-©•674 


-o'S5» 


-0-372 


Sino^ — nnoi-A 


+ 0*500 


+ 0*366 


+ 0-134 


-0*134 


-0*366 


-©•500 


-©•50© 


-©'366 


-0-134 


+ 0-I34 


+ 0*366 


+ ©*5©c 


B X A — Deflections 
in Meridian 


-o*37 


-0*48 


-0*19 


+ 0*19 


+ 0-39 


+ 0-39 


+ 039 


t-©-2S 


+ 0*11 


-0*09 


—©•2© 


—©•19 


CO0 a' — eos oi — B 


-0134 


— 0*366 


-0*500 


-0*500 


—©•366 


-©•134 


+ ©•134 


+ ©•366 


+ ©-5©o 


+ ©•500 


+ ©•366 


+ ©•134 


B X B *■ Deflections 
1 in Prime Vertical 


+ o'io 


+ 0*48 


+ 0-71 


^©•73 


+ o'39 


+ ©•1© 


— ©•!© 


-©•25 


-©•43 


-©•34 


— ©*2© 


-o*©5 



Calculated Total Deflection in the Meridian = + o^'izo. 

Calculated Total Deflection in the Prime Vertical = + i * 14. 



»* 



LOSALLI. 
Seight above Mean Sea Level = 1749 feet. 

Heights of Compartments in feet. 







SBCT0B8 1 


^Udii of AnnaU 


N 


N.B. 


B. 


8.B. 


8. 


S.W. 


W. 


B.W. 


N. 


«'-80^ 


-eo» 


- 90° 


-180* 


-16<f 


-18(f 


i»21<f 


•840° 


-27(f 


-800° 


-880P 


- OP 


^ 


'1 


aj-0° 


- w 


-60P 


- 90* 


-12(f 


-lS(f 


-180° 


-210° 


-840^ 


-270° 


-80QP 


-880P 


miles 
o'«5 


miles 
0*125 


• 
1740 


1740 


1740 


1740 


1740 


1740 


1740 


1740 


1740 


1740 


1740 


1740 


0*5 


o«s 


1740 


1740 


«73« 


1730 


1730 


1730 


1730 


«730 


1730 


1720 


1740 


1740 


I 


OS 


«730 


«730 


1730 


1730 


1730 


1730 


1720 


1720 


1720 


1700 


1730 


1730 


a 


1 


1730 


1730 


1710 


1720 


1700 


1710 


1700 


1700 


1700 


1700 


1720 


1710 


4 


8 


1720 


1730 


1690 


1700 


1680 


1660 


1670 


1700 


1720 


1720 


1720 


1700 


8 


4 


«730 


1700 


«7SO 


1720 


1700 


1680 


1680 


>730 


1750 


1720 


1700 


1720 


l« 


8 


1740 


1740 


1450 


1530 


1600 


1650 


1660 


'750 


«7S0 


1750 


1720 


1650 


S« 


i4 


1720 


1550 


1420 


1380 


1400 


1420 


1500 


1600 


1450 


1450 


1500 


1700 


U 


3» 


1620 


1600 


1500 


1600 


1700 


1500 


1500 


1500 


i3<>o 


1450 


«3SO 


1700 


Sum «- 15741 - 8 


- 271 


- 481 


-1021 


- 891 


- 761 


- 921 


- 841 


- 57« 


- 821 


- 791 


- 821 


- 35« 


8 X -000817 -B 


-0'22I 


-o'393 


-0834 


-0*728 


-0*622 


-0*752 


-0*687 


-0467 


—0*671 


—0-646 


-0*671 


—0*287 


din a' — sin oi » A 


+ 0*500 


+ 0*366 


+ 0-I34 


-0*134 


—0*366 


-0*500 


-0*500 


-0*366 


-0*134 


+ 0*134 


+ 0*366 


+ 0-50Q 


B X A «■ Deflections 
in Meridian 


-O'll 


-0*14 


— O'll 


+ 0*10 


+ 0*23 


+ 0*38 


+ o*34 


+0*17 


+ 0*09 


—0*09 


-0*25 


-0-14 


Cos a' — 00s «i - B 


-0-134 


— o'366 


-0*500 


-0*500 


-0*366 


-0*134 


+ 0*134 


+ 0*366 


+ 0*500 


+ 0*500 


+ 0-366 


+ 0*134 


B X B — Deflections 
in Prime Yertical 


+ 0-03 


+ o'i4 


+ 0*42 


+ 0-36 


+ 0*23 


+ 0'I0 


—0*09 


-017 


-o*34 


-0«32 


-0*25 


—0*04 





Calculated Total Deflection in the Meridian s +0^-47. 

Calculated Total Deflection in the Prime Vertical a + o *o7. 



3S 



TiNSIA. 
Seight above Mean Sea LevH = 1 776 feet. 

Heights of Computmenta in feet. 







8BCXOB9 1 


Bftdii ol AniiiiU 


N. 


N.B. 


B. 


S.B. 


8. 


S.W. 


W. 


N.W. 


S. 




•'-80P 


-80* 


-9(f 


-lacf 


-160P 


-180" 


-210* 


-340* 


-270P 


-800P 


-330* 


- OP 


• 


'1 


..-<f 


- mf 


- W 


- w 


-laop 


-i8oe 


-18(f 


-210* 


-240* 


-270* 


-800P 


-830* 


0-15 


milet 
0-125 


1750 


1760 


1760 


1760 


1760 


1760 


1760 


1760 


1760 


1750 


1760 


1760 


•'< 


015 


1730 


1740 


1740 


1740 


1740 


1750 


1750 


1760 


1740 


1720 


1740 


1740 


f 


•S 


1700 


1740 


1740 


1710 


1720 


1740 


1740 


1740 


1700 


1680 


1740 


1700 


a 


I 


17J0 


1790 


1710 


1700 


1790 


1720 


1740 


1700 


1650 


1640 


1700 


i6{o 


4 


t 


1710 


1740 


1700 


1790 


1720 , 


1700 


1720 


1650 


1600 


1600 


1600 


1620 


6 


4 


1700 


1710 


1750 


«75o 


1700 


»750 


1650 


1500 


1500 


1450 


«45o 


1530 


16 


8 


1700 


1700 


1700 


i7»o 


1600 


1650 


1480 


1400 


»550 


1400 


1400 


■530 


3« 


16 


1650 


1650 


1550 


1500 


1350 


1620 


1460 


1450 


1400 


1400 


■350 


1500 


^ 


3* 


1500 


1500 


1350 


1350 


1350 


1600 


1500 


■450 


1400 


1300 


1 150 


1350 


Bum - 15984 • 8 


- 8m 


- 7«4 


- 974 


-I0S4 


-1114 


- 694 


-1 184 


-»574 


-1684 


-2044 


-2094 


-•'S84 


8 X -000817 » B 


-0-673 


-0-583 


-0796 


-0-837 


-0*918 


-0*567 


-0967 


-1*286 


-1*376 


- 1 '670 


-1*711 


- 1 •«94 


8iB«'-«tBai- A 


+ 0-500 


+ 0-366 


+ 0-134 


-0-I34 


-0366 


-0-500 


-0-500 


-0366 


-0-I34 


+ 0-134 


+ 0*366 


+ 0-500 


E X A — DeAectioBs 
in lieridinn 


-0-34 


— o-ai 


-O'll 


+ 0*11 : 


+ 0-34 


+ 0-28 


+ 0-48 


+0-47 


+ 0*18 


-0'22 


-0-63 


-0*63 


Co«^ -OO04H -B 


-•'i34 


-o-i66 


-0-500 


-0-500 


-0-366 


-0-134 


+ 0-I34 


+ 0-366 


+ 0-500 


+ 0-500 


+ 0*366 


"•.« 


IB K B » Deieotioiit 
1 in Prima YaHioal 


+ 0*09 


+ 0-S1 


+0*40 


+ 0*42 


+ 0*34 


f 0-08 - 


-0-13 


-0-47 


—0-69 


-0-84 


-0-63 


-0'1|>| 



Calculated Total Deflection in the Meridian 



= - o'^-30. 



Calculated Total Deflection in tlie Prime Vertical s — i "39. 



34 



SALOT. 
Seighi above Mean Sea Level = 1 834 feei. 

IleigbtB of Compartments in feet. 







8E0TOB8 1 


Bftdu of AnnoU 


N. 


N.E. 


B. 


8.B. 


8. 


8.W. 


W. 


N.W. 


N. 


a'-8(f 


= 60^ 


- 9(f 


-12(f 


-16(f 


-18(f 


-210' 


-240^ 


-270° 


-800° 


-880* 


- 0° 


• 


»i 


«i- (f 


- 80P 


- ecf 


- Wf 


-12(f 


"160° 


-180* 


-210° 


-240P 


-270° 


-300P 


-880" 


milM 
0-J5 


nulet 
0*125 


1830 


1830 


1820 


1830 


1830 


1830 


1770 


1770 


1830 


1830 


1830 


i8so 


o'B 


o-a5 


1780 


1800 


1800 

• 


1820 


1830 


1830 


1730 


»7So 


1770 


1770 


1750 


1750 


I 


o-S 


1750 


1800 


1780 


1800 


1760 


1800 


1700 


1700 


1700 


1700 


1700 


1700 


t 


I 


1750 


1750 


1740 


"7SO 


1730 


1740 


1650 


1650 


1600 


1600 


1600 


1650 


4 


s 


1780 


1780 


1750 


1700 


1680 


1650 


1600 


1600 


1500 


1500 


1500 


1680 


8 


4 


1700 


1730 


»75o 


1750 


1650 


1600 


1500 


1450 


MSO 


1400 


1450 


1450 


16 


8 


1700 


1740 


1700 


1730 


1700 


1650 


1500 


1450 


1450 


1450 


1400 


1450 


3« 


16 


1700 


1680 


1700 


1600 


1650 


1600 


1530* 


1400 


1400 


1400 


1350 


1400 


64 


3a 


1500 


1500 


1350 


1350 


1350 


1600 


1500 


1450 


1400 


1300 


1150 


1400 


Sum — 16506 "■ 8 


— 1036 


— 916 


— 1116 


-1186 


-^3S^ 


-1326 


— 8046 


— 3386 


— 3416 


-3566 


-3786 


—3306 


8 X •000817 i- B 


-0-838 


-0-748 


—0-902 


—0-969 


-i'io8 


-1-002 


— 1*672 


-1-868 


-1-974 


-3-096 


-3*376 


— i-8o3 


Sin a' — sin cii ■> A 


•I- 0*500 


+ 0-366 


+ 0-134 


-0-134 


-0-366 


— O-5OC 


-0-500 


—0*366 


-0134 


+ 0*134 


+ 0-366 


> +0*500 


B X A « Deflections 
in Meridian 


— 0'43 


—0-37 


— 0-13 


+ 0-13 


+ 0*41 


+ 0-50 


+ 0-84 


+ 0-68 


+ 0-36 


—0-38 


-0-83 


—0*90 


Oct i^ * oot a| » B 


-0-134 


-0-366 


-0-500 


-0-500 


-0-366 


-0-134 


+ ©•134 


+ 0-366 


+ 0-500 


+ 0*500 


+ 0*366 

 


+0*134 


B X B - Befleotionft 
in Prime Vertical 


+ o*ii 


+ 0-37 


+ 0-4S 


+ 0-48 


+ 0*41 


+ 0-13 


-0-23 


-0-68 


-0-99 


-1-05 


-0-83 


—0-34 



ss o* • 00. 



Calculated Total Deflection in the Meridian 

Calculated Total Deflection in the Prime Vertical s — a * i6. 






35 



KAMKHERA. 
Height above Mean Sea Level ^ 1780 feet. 

Heights of CompartmeDts in feet. 







8ECT0BS 1 


Badii of Annuli 


N. 


N.E. 


B. 


S.S. 


8. 


S.W. 


W. 


N.W. 


N. 


o'-80P 


- 60° 


- 90P 


-120^ 


-160P 


-ISO" 


-210P 


= 240'* 


-270° 


-800P 


-830° 


- 0^ 


• 


'1 


«,- (f 


• 30** 


- «f 


- W 


-laop 


-150P 


-180° 


-210° 


-240° 


-270° 


-800° 


-330° 


miles 
0*25 


miles 
0-125 


1770 


1770 


1770 


1770 


1760 


1750 


1750 


1770 


1760 


1770 


1770 


1770 


05 


025 


1760 


1700 


1720 


1740 


1720 


1700 


1720 


1730 


1750 


1760 


1760 


1720 


I 


o-S 


1660 


1650 


1700 


1700 


1650 


1650 


1650 


1720 


1720 


'740 


1700 


1650 


a 


I 


1650 


1600 


1600 


1600 


'550 


1550 


1700 


1700 


1720 


1700 


1650 


1640 


4 


a 


1600 


'550 


1550 


'550 


1450 


1450 


1450 


«5S0 


1680 


1700 


1650 


* 

1700 


8 


4 


iS^o 


1500 


1450 


1400 


1400 


1400 


1400 


1500 


1650 


1650 


1650 


1560 


16 


8 


1480 


1460 


1380 


1350 


'3SO 


1350 


1400 


1500 


1600 


1700 


1700 


1550 


« 

3* 


16 


1480 


1400 


»350 


•1500 


1350 


'350 


^1400 


"550 


'550 


1700 


1650 


1700 


64 


3a 


1580 


1560 


1400 


1400 


1700 


1600 


1500 


<S0o 


'350 


1400 


1470 


1600 


Sum — 16020 — 8 


-1520 


-1830 


-2100 


— 2010 


— 2090 


— 2220 


-2050 


-^500 


— 1240 


— 900 


— 1020 


-1130 


S X 000817 ~ K 


— 1*242 


-«-49S 


— 1-716 


— 1-642 


-1-708 


— 1-814 


-1-675 


-1*226 


-1-013 


-0*735 


-0833 


-0-923 


Sin a' — sin ai — A 


+ 0*500 


+ 0-366 


+ 0134 


-0134 


-0-366 


-0-500 


-0-500 


-0-366 


-0134 


+ 0134 


+ 0-366 


+ • 500 


B X A — Deflections 
in Iferidian 


-0*62 


-0-55 


-0-23 


+ 0'22 


+ 063 


+ 0-91 


+ 0-84 


+ 0-45 


+ 0-14 


— O'lO 


-0-30 


— 0-46 


Cos V — cos «! — B 


-0134 


-0366 


-0-500 


-O-5OC 


— 0-366 


-0-134 


+ 0-134 


+ 0-366 


+ • 500 


+ • 500 


4.0366 


+ 0-134 


R X B "- Deflections 
in Prime Vertical 


+ o'i7 


+ 0-55 


+ 0-86 


+ 082 


+ 0-63 


+ 0-24 


—0-22 


-0-45 


-0-51 


-0-37 


-0-30 


— 0-I2 



Calculated Total Deflection in the Meridian s= 4- 0^^*93. 

Calculated Total Deflection in the Prime Vertical s + i '30. 



\ 



36 



AHMADPUR. 
Seight above Mean Sea Level =1715 feet. 

Heights of Compartmeats in feet. 







SECTORS 1 




Badii o£ Annoli 


N. 


N.E. 


R 


SE. 


S. 


S.W. 


W. 


N.W. 


N. ^ 


a' -80** 


- 60» 


- 90" 


-120° 


-160° 


-180P 


-210P 


-240° 


= 270° 


-800° 


-330° 


- OP 


< 


r' 


'1 


ai-O** 


- 30° 


- ecf 


- 90°. 


-120P 


-150° 


-180° 


-210P 


-240P 


-270° 


-300° 


-880P 


► 


miles 
o-»S 


Dules 
oi»5 


1560 


1560 


1560 


1560 


15^0 


15^0 


1560 


1560 


1560 


15^ 


15^0 


15^ 


- 
• 


o"5 


025 


1480 


1^80 


1480 


1480 


1480 


148^0 


1480 


1480 


1480 


1480 


1480 


1480 


• 


I 


05 


1440 


1440 


'440 


1440 


1440 


1440 


1440 


1440 


1440 


1440 


1440 


L 

1440 


} 


3 


1 


1430 


1430 


1440 


 

1420 


1430 


»450 


1450 


1440 


1440 


1420 


'430 


1440 


 


4 


2 


1440 


1450 


1430 


1430 


1400 


. i4»o 


»450 


^450 


H^ 


1450 


1440 


1470 


: 


8 ^ 


4 


1430 


1430 


i3»o 


1400 


'450 


1400 


1500 


1400 


HSO 


1450 


1450 


'450 




16 


8 


1400 


»37o 


1370 


1350 


1500 


'450 


1500 


1500 


1500 


'450 


1450 


1450 


' 


32 


16 


1420 


1370 


1400 


1450 


'450 


1600 


M50 


1600 


'5SO 


1500 


1600 


»550 




64 


3* 


'450 


'3SO 


1400 


1650 


1300 


1400 


1300 


1600 


1500 


1400 


1500 


1740 


• 


Sum - 154,^5 « 8 


-2395 


-mi 


- *535 


-2*55 


-«4aS 


- 2235 


-2305 


-1965 


-2055 


-3285 


-2085 


-'855 




S X '000817 - K 


-»-9S7 


-a'oS; 


— 2-071 


-1-842 


-1-981 


-1-826 


-1*883 


-1-605 


-1679 


-1*867 


-1-703 


-1-516 




Sin a' ^ sin oi — A 


+ 0*500 


+ o'366 


+ 0-134 


-0-J34 


— 0-366 


-0-500 


-0-500 


— o'366 


-0-134 


+ 0-134 


+ 0-366 


+ 0-500 


f 


R X A » Defleotioos 
in Meridian 


-0-98 


-o*76 


-0-28 


+ 0-35 


+ 0-73 


+ 0-91 


+ 0-94 


+ 0-S9 


+ o»a2 


-0*35 


—0*63 


— »*76 


1 
• 


Cos a' — cos «i -1 B 


-0-134 


-0-366 


y -0-500 


-0*500 


— • 366 


-0 134 


+ 0-134 


+ 0-366 


+ 0*500 


+0-500 


+•^366 


+0*134 


1 


1 E X E » Deflections 
1 in Prime Vertical 


-» 0*26 


+ 0-76 


+ 1-04 


+ 0*92 


+ 0-7.T 


+ 0*24 


-o^'a5 


^o*S9 


-0*«4 


-o-^ 


— 0*63 


—0*30 


i 
i 



Calculated Total Deflection in the Meridian => — o^'OJ. 

Calculated Total Deflection in the Prime Yerdoal a + a * 5^ 
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tba. Group Syvtem of Deflections m^. nov be. exhibiteditfaos :— 



p 

BcATioir 

 

• 
} 


IV THB MXRIDZAV 


In thx Pbixs VxbtioaL' 1 


Deflection as 
obsarred 


Deflaction • 
ealoulated 
from the 
contour of 
the ground 


' Reeidual 
Deflection 
due to hidden 
cause 

1 


Deflaclion iis 
obserred 

1 
1 


Deflection 

calculated 

from the 

contour of 

the ground 


Betid ual 

Deflection 

doe to bidden 

cause 


Dai&dhari' 


+ I -CI S. 


059 s. 


+.0-62 a. 


+ 213W. 


033 w. 


+ I-8oWs 


Siirantil 


+ o-8a S. 


o'li N. 


+ 0-93 s. 


+ 3'64W. 


i^ii w. 


+ «--53.'W. 


N. E. End of Base . . . 


+ 1-69 S. 


0-07 S. 


•f i-6a S. 


+ a-54W. 


I-34W. 


+ 1 • 20 W. 


Bbaor&sa 


+ II7S. 


038 s. 


+ 0-798. 


+ 0-22W. 


0-76 W. 


-0-54 E. 


Kalt&Qpur 


— o*6o N. 


o*ao N^ 


—0-40 N, 


-o'2a E. 


114 w. 


-1-3$ E. 


Losalli 


— i-oa N. 


o'47 N. 


-0-55 N. 


-5-38 E. 


Q-07 W. 


-6-45 E. 


Tiiuia. 

• 


-fc-pS 8. 


o'30 S. 


+0'68S. 


• * 1 


• • • 


• • • 


Salot 


• • • 


• i • 


« ft • 


-4-49 E. 


2-i6E. 


-a-33E- 


K&fnkhera: 


— a-ijK 


0-93 N. 


— I ' aa N. 


-»-o-04W. 


1*30 W, 


— i'a6E. 


Ahmadpur 


— a*49 N. 


0*01 3w 


— 2*50 N. 


+ 2-27 W. 


0*52 W. 


+ i'75^- 


Mean of the group ex- 
cluding KaMnpur 


O'QO 


0*05 N. 


0-05 8. 


0"00 


041 w. 


0*41 E. 



It is interesting to aee that a deflection due to the configuration of the ground^ of O'^^'OS* 
in the meridian^ and of . 0'^41 in. the prime vertical remaina uncancelled, iu the mean. of the.* 
group. 

Dehra Dun: 
4i^ik 1901. 
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PART III. 



The PenduLum Observations .at Kalianpur. 



A fixed datum for deflectioos is unattainable^ iaiid it is not possible ICrom ^deflections alone 
to determine^ whether any particular station is situated vertically over a centre of disturbance. 
Diagram No. 4 of CUiart No. 5 furnishes an instance: if>we observed for aximuth^at every furlong 
between Kalidnpur and Losalli^ the intervening deflections would probably vary $rom + S"^, the 
value «t Kali£npur/to— 3'^, the xakie at Losalli, and would pass through ^ere. But that the 
station of no deflection was situated oirer the centre of the subterranean cause of disturbance would 
not be a true inference^ unless the absolute deflection at'Kali&upur was. j9X0V6tf to be 3^. Our series of 
deflections^ gradually changing at every furlong^ would fit equally well into Diagram No. 3 of Chart 
No. 5 : they would vary then from 0" to — 6*^, instead of from +-'8''' to — 3'', And the station of no 
deflection would be differently situated. Pendulum observations are independent ot the initial value 
of latitude of the reference station^ and may possibly be utilized to decide between rival systems 
of deflections. Pendulum observa,tions were taken by Capt. Basevi at several places between the 
Himalayas and Cape Comorin: the results at five of his 49tations^ situated on the same meridian^ 
are of value to the present discussion. 



Stations on €he mertdian 
of 77° 80' 


• Distance in; miles 
from:Ealfaiipur 


'Observed defect m 

the'vibnitions of a seconds 

1 pendulum in a mean 

> solar day 


Usira 


•193 


- 3'^o 


Pah&rgarh ... 


5a 


— 5'6o 


Kallanpur . , . 


t • t 


- 3-61 


Ahmadpiiir , , . 


.33 


- 4-38 


Badgaon 


^30 


- 4-03 



k 

t 



We hsTc to eonsider, wlietber Buevi'a pendulum results support tlie " Gi 
flection* or the "Mean of India" system. It is unneceasaiy here to repeat tl 
hibita these two Bystems, and which is given on page 34* : bat as penduli 
tre taken at stations north and south of the area of the group, and astronomic; 
o observed, vide Tabe following page 14, some results are included in the follow: 
re beyond the scope of the former. 



BUtioiH on the meridiu 
of TTSC 


DUtaoM in mile* 


The "Group" lyitem 
of d«aectioi» 
in lb« meiidiui 


Th. "llMa of 

■7>tein of d«a( 

in tbB merit 


Usira 


193 


6* -03 north 


3*-43noi 


Kesri 


112 


5^45 south 


8* '05 SO) 


Pahfo-garli 


5» 


o*' 76 north 


i"'-84soi 


Dai&dhari 


35 


I** -01 south 


3* '61 801 


SurantfU 


8 


o'- 8a south 


3* -43 SOI 


Kaliinpur 




o*' 60 north 


a*-ooiov 


Klimkhera 


9 


a"' 15 north 


O'- 45 SOI 


Ahmadpur 


35 


a' '49 north 


0*'II 801 


Lfidi 


67 


5' "34 north 


a'-74noi 


Takalkhera 


ao? 


6* -90 north 


4*-3ono] 


Badgaon 


130 


7' -83 north 


5* -23001 



The deflection of a plnmh-line in a given direction, if due to a subterran 
either prodaced by an excess of density situated on the side of the station to w 
e is deflected, or a deficiency of density on the opposite side. In discuss 
BectionSj we hare to consider whether a defidency or an excess is the probable 4 



The "Group" system of Deflections. 

(a). Hypotheait of Excettive Detutty. Charts Noa. I, 2 and 3 shew thi 
nectionSj both in the meridian and prime rertical, can be explained^ if we assume 
ong dyke of excessiTC density traversing the groap from S. E. to N. W. Its 
imagined to pass some 13 miles south of Bhaorfisa and almost under the £ 
se and proceed thence between N-E. End of Base and Klimkhera, between 
raut&l, between Salot and Dai&dbari. The only observed latitude, that is 



f la Ibif table tbo deSMlioDS hare not ibcmtwI tli« uuU oonMtiolu on acoooat of eoaOgnntiai 



i the dyke is that o£ Tiosia : the only opposing azimuth is that oi Ahmadpnr, vhicli 
south o£ the dyke, and where the plumb-line in the prime Tertical might not bs 

lendulum obaervations show that the iatensity of gmvity ia greater at Kalianpoi 
,wo neighbouring stations, and that a maximum value of intensity exists at some point 
nadpur and Pahirgaih : it is eitremely unlikely that in selecting Ralidnpur itself 
Id hare alighted on the exact position of the maximum, and it is probable that a 
B found where the vihration-uumbei exceeds that of Kalianpur. The location of 

the north of Kalianpur and the discovery there of a very sawH excess in vertical 
3uld confirm the "Group" system: if the point of maximum vertical attraction is. 

south of Kalianpur, a southerly deflection at Kaliinpur would be expected ; this 
all appreciable, would be contrary to the results of the " Group " system : whether 
DT the " Mean of India " system, will be discussed heceatter.f 

ixtent and influence of tiie imaginary dyke of excessive density roust be gauged from 
le of the several deflections: the largest deflection under the "Group" system u 
rime vertical at Losalli ; the inferences are that LosalU must bo situated to one side 
in a positiou, where the horizontal component of the dyke's attraction is a maximum, 
[{iQpur is nearer the vextical plane pasoing^ through the centre of the dyke, and at a 
the horizontal component is small {. 

Hypoihetis of Deficient Denniy. The " Group " system of deflections does not favor 
isis of a deficiency of density existing in the vicinity of Kalt£npn]<. Ji^ight men- 
tions out of nine point inwards, seven deflections in the prime vertical out of eight 
s, and the pendulum observations show ao-excess of vertical attraction- at the ceutraL 
area of the group. 

The "Mean of India" system of deflections. 

Hypotkeiis of Excetaive Dentity. No plans, such as Charts Nos. 1, 3 and 3 have beei> 
istrate the " Mean of India" system, but the results of the system are exhibited in 
. pages Z4 and 39 aud in the diagrams of Chaits Nob. 4 and 5. The deflections, shown. 

irhipa but an srKumant id a oircle to auume the meao latitude and aiimuth of a group correct, and to llieo 

9 of individual diBcrepancies : diacrepandei derived from llieir own mean can odIj indicate a cause near 
.lie group. But it might tiuppen tliat the roeridioDal deflocLions were innards, and the prime rertioal 
ardl: it might hjippeB tlmt the deflectiona wsia aU towardi a point, at iciiioU the penduluui eiliibitad % 
ivitj : if tlie latitude and the aijuiulli and the peudulum obaerTationa are io accord, the eiidence ia string, 
lit not eipect future pendulum abiervatioDB to corroborate either t)ie one lyBtem or the other with eiacti- 
ig to the " Group " ajstem the deflection at SalUnpur i* 0"'tj0 North : but an error of obaerTation exists : 
regularities of subtorrenean density may not hare been completely eliminated in the mean of the group, 
{uration of the surface was shown ia Pari II to hare a imnll residual, effect : moreover the effect* of the 
o[ the Ocean, tliough probably eliminated in the mean of the gronp, may be different at diffetent itaUoDa 
[f pendulum obiervations show a aliffht eicrSB of lerlical attraction either north or south of £alfanpur, 
lie ,that no marked attraction eiisls at KalUnpur, and the "Group" aysl^m will be supfjorted. Biniilarlj 
ndia" sjatrm does not stand or fall according to whether an exact deflection of 2' south is proved or 
tonsiderable deflection to the south i* proved, the "Mean of India" system vill be upheld. Broadly 
"  " - ' .- . . .;,[£4j,„uf^ - 



Qrotin" aystem denies the eiistence of any marked local attraction in the maridian at £alliiipur, whereas 
[ndia ' eystcm inipoees on Katiinpnr a miirked local deflection to the foiith. 
ifortunnte that the weights of aiimutb and latitude observations differ so large];: not only is the weight 
latitude greater than the weight of an obn.-ved aiimulh, but the errors of gtodeiic latitudes are lets bhaa 
1 azimuths i a value of (O — C) in latitude is thus superior both astronomically aud ijeodetinlly to tba 
3} in azimuih. Moreover a meridional deSecUon ia derived directly from a value oF (O — C) in latitude, 
\ in the prime vertical is obtained by multiplying the value of (O- C) in aiimuth bj cot. lat. (— 2'2^ 
1 deflection in the meridian is 160 limes greater tliau Uie nuighl of a de&eclion ia bke prime reittcsl, 
lace of Lowlli iium Uie «Utiao of origiitt 
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in Chart No. 1^ require a confttant correction throughout of 2''*60 towards the «ot<M^ to bring them 
into accord with the " Mean of India '^ system: the deflections shown in Chart No. 2 require a 
constant correction of 8^ to the west. All the deflections in Chart No. 1 will then point to the south t 
aJl the deflections in Chart No. 2, with the exception of Losalli and Salot^ will point to the west. 
XJnder the " Oroup '' system the difiSculty of locating the '^ hidden cause '' miglit be considerable^ 
l>ecause the deflections^ being mostly small^ may possibly be due to variations of density too slight 
'to affect a pendulum. But under the '^ Mean of India " system^ -the difficulty of location should 
lie less, as a constant deflection in one direction cannot he imposed on nine stationa except by a 
powerful cause. 

If the " Mean of India ** system of deflections, as exhibited in the tables on pages 24 and 39, 
is to be explained on an hypothesis of excessive density, we have to assume the existence of a 
longitudinal mass lying in the prime vertical south of Kali&npur. If such a mass were north o£ 
Ahmadpur, the deflection at Ahmadpur, which is southerly, would be towards the north : the 
existence of such a mass underlying Ahmadpur itself is contradicted by the pendulum observations 
there : the deflection at K&mkhera points to no such mass. If then such a masa exists^ we can 
only suppose it to be of small extent and of great density, and situated south and within a mile 
of kalianpur. Such a mass might cause a southerly defllection. of 2'^ at Kalianpur and if of 
compact form, exercise no effect at K&mkhera and Ahmadpur. But if its form were compact^ 
it would not explain the southerly deflections at Tinsia, Losalli, N.E. End of Base and Bhaorfisa : 
if its form were elongated its influence would be visible at K&mkhera. A hidden mass of 
excessive density, situated south of Kali&npur, and sufficient to produce a southerly deflection there 
of 2'^, might be expected at its summit to show an excess of vertical attraction over that at Kali&n- 
pur, €guiv€tl€n4^ to a whole vibration of the second's pendulum per diem. The vertical attraction at 
a station, overlying such a mass, would be greater than any value obtained hitherto at inland stations- 
in India from pendulum observations. The probability of any considerable mass of excessive 
density existing south of Kali&upur is, in fact, so small, that the '^Mean of India ^' system of 
defl^ctiouB depends for its jujBtification mainly on the discovery of a deficiency of density to 
the north. 

(b). Hypothesis of Deficient Density. We wish now to see, if we can explain the '' Mean 
of India'' system of deflections on an hypothesis of deficient density existing north of Kalianpur. 
The pendulum observations, vide page 38,. show that at Pahargarh the intensity of gravity is remark-- 
ably lesa than at Kalianpur or Usira, the observed defect in the Vibration-number amounting to« 
S'OO. A point of minimum vertical attraction^ therefore exists north of Ka1i4npur. Under the 
'^Mean of India'' system, the deflections at Surantdl, Dai4dhari, and Pahirgarh are HI ess^tially.' 
southerly : it is not possible therefore to locate the deficiency of density, which is now supposed to 
be deflecting the plumb-line at Kali&npur to the south, anywhere south of Piih&rgarh : we must 
search for the spot between Pah&rgarh and Usira. If we locate the deficiency north of Pah&rgarh, 
it will have to l^ of laige extent if it is to affect the whole Kalianpur group; we cannot continue 
our search to an indefinite distance to the north, for the '' hidden cause" of the southerlv deflec- 
tion at Kalutnpur must after all be but a local cause : the basis of the " Mean of India'' system 
is, that Kali&upur is peculiarly affected with regard to India, the mean error of India being 
attributed to thia purely local cause. When therefore we reach. Pahargarh, we are approaching;: 
the limit allowed by our theory. 

Between Pah&rgarh and Usira ia situated the station of Kesri, and the relative southerly 
attraction here is great, amounting under the '■ Mean of India " system to 8''. We cannot suppose 
the existence of a deficiency of density between PuhHrgarh and Kesri, because a deficiency, 
sufficient to repel all the plumb-lines of the group, would deflect the plumb-line at Kesrito the 
north. We have no alternative but to advance north of Kesri : a sphere, whose radius is 37 miles> 
the depth of whose centre is 37 miles, whose density is in defect of the surrounding sui*face 
dti^sity by ^^^th part of the mean, density of the Earth, would^ if its highest point was 40 miles 




41 

north of Eesri^ cause a southerly deflection at Kesri of 8^^ and at Kalianpur of 2^^ : the deflections 
at intermediate stations would not agree with the results of observation. A long cylinder^ lying 
in the prime vertical 18 miles north of Kesri^ whose radius and depth of centre were 18 miles^ 
and whose density was in defect of the surrounding surface density by -r^th part of the mean 
density of the fiarth^ would cause a northerly deflection at Usira of ^'\ and a southerly deflection 
at Kesri of 7'\ at Pahdrgarh of 8^ at Dai^dhari of 2"-7, at Surantil of 2'^-3, at KaliAnpur of 
%'\ at K&mkhera of V^'7y and at Ahmadpur of 0'^'8. The effect of such a cylinder on the pendu- 
lums at Usira and Pah&rgarh would be^ that PahArgarh would exhibit an excess of vertical 
attraction over Usira. The vertical attraction at Pah&rgarh happens to be greatly in defect of that 
at Usira. 

The deflection at Kesri is peculiar and irregular : it must be caused either by a deficiency 
of matter north of Kesri^ or by an excess to the south. The pendulum observations show an 
excess of matter north of Kesri and a deficiency south. The contradiction between the deflection 
at Kesri and the vibration-number at Pahargarh leads to the conclusion that the two cannot 
lie due to the same cause^ and that therefore the deficiency at Pah&rgarh is not sufficient to affect 
a plumb-line at a distance of 60 miles : if a sufficient deficiency existed at Pahfirgarh to deflect 
the plumb-line at Kali&npur by 2'\ its effect would be visible at Kesri *. 

Dehra Dim 

April 1901. 

* Intennediate latitude Btations between Pah&rg^rh and Kesri, between Kesri and Usira, and between Ladi and 
Takalkhera are desirable : intervals of 60 and 80 miles are too great. Takalkhera is the station at which Colonel Everest 
made his celebrated calculation of the attraction of the Mahadeo Pahar range of hills. He attributed the apparent 
error in the observed latitude at Takalkhera to the presence of this range. But now that latitudes have been observed 
north and south of Takalkhera, vide Table following page 14, it will be seen that he would hare been confronted with a 
eimilar^rror, if he had placed the centre of his arc itt mdi or fiadgaoiu 
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PART IV. 



The Influences of the Himalaya Mountains and of the Indian 

Ocean on the Plumb-line in India. 



Forty years ago it was concluded from the data then available^ that the attraction of the 
Himalayas was probably compensated by a deficiency of matter existing below the mountain 
mass : differences of opinion prevailed as to the manner in which the compensation had arisen^ 
but that there was some counteracting cause^ cancelling the attraction of the Himalayas^ was 
generally admitted. The acceptance of this theory ended discussion^ and for many years our 
annual reports hare not recognised the possibility of Himalayan attraction affecting a plumb-line 
in Central India. The data on which the theory was based have been forgotten : the theory itself 
las remained an unquestioned article of professional faith. 

The design of future programmes of astronomical work in India is necessarily influenced 
by the theories that we have accepted : if those theories are incorrect^ we may be working 
on unprofitable lines of progress. A perusal of our recent reports creates an uneasy feeling 
that we have been seeking not for information^ but for corroboration of accepted conclusions : 
we have decided to adopt the Clarke spheroid^ and we explain contradictory results as being due 
to subterranean causes. The power of ascribing all anomalies to an invisible cause is a dangerous 
jpower^ that may be blinding us to true inferences. Now that we have almost come to believe 
in the existence of an excess of matter^ wherever we see a deficiency^ and in the existence of a 
deficiency wherever we see an excess^ a periodical reconsideration of data cannot be regarded as 
superfluous. 
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The compensation of Himalayan attraction. 

The theory that the attraction of the Himalayas is counteracted by an invisible canse is 
mainly based on the following argument : — The observed effect of the attraction of the Himalaya 
Mountains on the plumb-line at Kalidna {in latitude 29^ Sff 48^), the northei^ terminus of the 
Indian Arc, is 5'*'236, But the attraction of the apparent or superincumbent mass of the Hima- 
layas at that point is suffici^t to produce a deflection of 27" '853, as calculated by Archdeacon 
Pratt of Calcutta^. 

There are two assumptions in this argument : it is^ firstly, assumed that the inflaence of the 
Himalayas does not extend to Eali&npur, and^ secondly^ that the influence of the Indian Ocean is 
inappreciable. The deflection of 6 '2 is assumed to be the absolute deflection at Kali&naf. It 
represents in reality the difference of the deflections at Kalidna and Kalidnpur^ It might be 
inferred from the statement of argument given above^ that the calculated deflection at Eali&na 
due to the. Himalayas exceeds the observed deflection by 22^. It is true that Pratt calculated the 
deflection at Kalifina to be Z7'^ \ but he also calculated the deflection at Kalianpur to be 12'''^ thus 
making the difference in the deflections at the two places to be 15^. The discrepancy between 
observed and calculated values is thus 10'^ and not 22^. But if we take into account the effects 
of the Indian Ocean^ this discrepancy is further reduced ^ Pratt calculated that the deflection due 
to the Indian Ocean at Kali&npur ei^ceeded that at KaH&na by 2>'^, and thus the discrepancy 
between the observed and calculated effects of the Himalayas is reduced to 7^. Pratt calculated 
the effect of the Indian Ocean, before a single sounding in the deep sea had been taken : he 
assumed the depth of the Ocean everywhere too small : it is shown hereafter that if correct oceanic 
depths be employed in the calculation^ the discrepancy at Kali&na between calculated and observed 
values will disappear. 

The obaerved value of the latitude of Dehra Dun is opposed to the tlieory of 

Himalayan Compensation. 

It is incorrect to regard Dehra Diin as lying at the foot of the great Himalayan mass r 
it is situated indeed in Sub-Himalayan regions^ but the effect of the lower ranges of hills is 
slight : the plateau of Tibet is the main source of attraction^ and its southern scarps are 40 miles 
from Dehra Dun. In Chart No. 9 is shown a cross section of the Himalayas on the great circle 
through Dehra Diin in azimuth 30^' East of North : this section has been constructed by Colonel 
St, O. C. Gore^ R.E.^ the Surveyor General of India^ whose long experience of these mountains 
gives great weight to the drawing^^ 

Since Pratt made his calculations^ latitudes have been observed in Sub-Himalayan regions 
at Dehra Diin and Mussooree^ vide Table following page 14. Dehra Dun is 55 miles north 
of Kali&na§ : the deflection at Dehra Dun as observed is apparently 38'^^ and that at Kali&na 7^; 
there is thus a decrease of 31^^^ in 55 miles. Is such a decrease characteristic of the effect which 
would be produced by a great mass compensated by underlying deficiencies of matter ? 

* Vide Account of the Principal Triangulation, Ordnance Survey o£ Great Britain and Ireland, pagee 678 and 674. 
Tide also Operations of the Great Trigonometrical Survey of India, Volume V, page XXXI : also Fhilosopliical Magasine, 
Tolume XI, May 1881 > also Bull. Acad. Science, St. Petersburg, 1861, tom. iii, pages 896—424, in vbich the disorepancj 
between observed and calculated results at Kali&na isi called an undisputed fact. 

t The observed deflection at Eali4na from modem data is 7"'03. 

X MuBsooree is situated a mile west of Landour and on the same ridge. An idea of the position ef Mussooree 

with reference to the Himalayas can be obtained by supposing it to be identical with the ridge oaUed Landour in Choil 

No. 9. 

§ The 'relatlTe eituatioiiB of Dehra D^Di Kali^ai Ealf&npor and other aBtronomioal itations are ehown on Cbsrt 
No, 8, . -1 *- 
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In view of the enormons dimensions- of the Himalayan mass^ compared with which the 
distance of 55 miles separating Dehra Dun and Kalidua is small^ I cannot conceive any law o£ 
attraction that will satisfy the observed deflections. 

If we imagine Himalayan attraction to vary inversely with the distance from a longitudi- 
nal axis, a decrease from 38'^ to T' in 55 miles would place that axis 10 miles north of 
Dehra Dun : if we imagine Himalayan attraction to vary inversely as the square of the distance^ 
the centre of attraction is placed 36 miles north of Dehra Diin. 

Tlie only explanation, that appears acceptable, is that the values 38'^ and 7^ do not represent 
absolute deflections but differential, and that though the difference between the deflections at 
Dehra Duo^and Kali&na is doubtless 31", yet the absolute deflections are 38" + x, and 7" + x, 
where x represents the deflection due to Himalayan attraction at Kalifinpur, the station of origin^. 

If we compare the observed deflections, given in the table of latitudes following page 14, 
at Nojli and Kali&na, we find that the deflection at Nojli is double that at Eali&na. Nojli 
is 25 miles north of Kali£na, and both are situated on flat low alluvial plains ; the nearest scarp of 
the Tibetan plateau ia from 90 to 100 miles distant. By what law of attraction is the effect of 
this distant mass twice as great at Nojli as at Kali&nat? 

No hypothetical deficiency of matter below the visible Himalayarr Mass will suffice^ 
to explain the coexistence of large deflections in Sub-Himalayan regions 

and no deflections in Central IndTa. 

An objection to the acc^ted theory of Himalayan compensation, is this : subterranean 
compensation should have a greater absolute effect at stations near the Himalayas than at distant 
stations, whereas the theory seems to imply the opposite. On page 803, Volume 186, Philosophical 
Transactions of the lloyal Society, India's contributions to Oeodesy, General Walker writes : — 
" It is evident that the effect of the attraction of mountain masses on the plumb-line, which may 
** be very large in the immediate vicinity of the mountains, will be reduced at a distance in greater 
'' proportion than is assigned by an incomplete application of the law of gravitation, because of the 
'' deficiency in the density of the strata under the mountains, which has not hitherto been allowed. 
'^ for. Eventually a point must be reached at which the positive attraction of the matter above 
'' will be cancelled by the negative attraction of thedeficieucy below^ and then the mountain masses. 
'^ will have no influence on the plumb-line *\ 

The effect of a subterranean deficiency of matter varies with the depth to which it extends :: 
if the sanie deficiency of matter be distributed through various depths, the direction of the 
resultant deflection will be different for each depth, and the deflection will decrease as the deptk 
increases. 

m 

CoIopqI Clftrke's foarmula for the attraction of a mountain mass ia 



^A(»m« -sm«01og.^;-^-^^=p 
By takings A negative we can apply thia formula, to a subterranean^ deficiency of mattev. 



* Latitude obserrations are about to be taken on the meridian of 88° at intervals of 80 mil^ between Calcatta . 
and Daijeeling. The results will show whether the plumb-lines at stations situated south of Mount Everest and. 
Kinchingunga are deflected to the same extent as at. Dehra Ddn, and whether the compensation of the eastern Himalaya*^ 
is more perceptible than tliat,Qf the western. 

t On the meridian of 80^, Bamuftpur is 54 miles and Jariira is 76 miles from the foot of the Sab-Himalaxaaj^thOo 
Table following page 14 shows that the deflectioa at Bamuipui is almost twice as great w at Jartou 
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If tHe area of the mass as defined by a', Of^^ and r', r^ rendains constant^ and if the total 
.deficiency of matter remains constant, that deficiency may be distributed through any depth h : 
as h, the depths increases^ p the density decreases, and ph remains constant. It is only in cases^ 
"when the depth is so large^ that it is necessary to take h^ into account^ that the compensating 
efiEect of a deficiency of matter below a mountain mass differs appreciably from the efEect of a 
change in the density of the mountain mass itself. 

If we suppose the Himalayas exactly compensated by an underlying cavity^ whose form and 
dimensions are the same as those of the Himalayas inverted, the visible mountain mass will 
produce northerly deflections at all stations^ and the invisible underground cavity Vill produce 
deflections similar in amount but southerly : neither at Dehra Dun nor at Kali&na nor at Kali&u- 
pur will there be any deflection perceptible to observation. 

Let the imaginary underground cavity be filled with water : then if H be the northerly 

deflection produced at any station by the visible mountain mass^ the southerly deflection at that 

1*5 H 
station due the subterranean matter being water instead of rock^ will be ^.g > ^^ density of 

water being = 1, the density of rock being = 2'5. The resulting deflections at all stations vrill 
ibe as though the visible mountain mass had a density of 1, and the nearer stations will be affected 
by the compensation to a greater absolute extent than stations at a distance. 

Let Hj^ Hn and H3 be the northerly deflections produced at Dehra Diin^ Kali&na and 
Sali&npur respectively by the visible superincumbent Himalayan mass ; then the southerly deflec- 
tions^ at the same stations produced by a deficiency of matter^ underlying the Himalayas^ equal in 
amount to that contained in the Himalayas themselves^ will be as follows^ : — 



If the deficiency is 
distributed through 


Dehift Diia 


Kaliina 


Kalttnpor 


A depth of 10 miles 


Hi 


H, 


H, 


A depth of 100 miles 


•9H, 


•9H, 


Hs 


A depth of 500 miles 


•5H, 


•6H, 


•8H, 


A depth of 1000 miles 


•3 Hi 


•4H, 


•6H, 



* The results in this table have been obtained as follows : — ^Tables containing the heights of compartments round 
Dehra Ddn, Kalidna and Kalidnpur are given hereafter. In these tables the Himalayan compartments can be identified, 
as their heights are printed in special type. It is thus easy to find the effect of the Himalayas alone on the plumb-line. In 
order to find the effect of an equal subjacent mass distributed through a depth D^ the depth of the deficiency underlying 
,the Tibetan plateau is taken to be D miles, and as the true height of that plateau is 8 miles, the height of erery Himala- 
yan compartment is multiplied ^7 -3-* Thus the expression "distributed through a depth of 1000 miles" is taken to 




'the northerly deflection produced at Dehra Dun by the vVisible Himalayan mass standing on any compartment, the 
southerly deflection due to an e^uiyalent deficiency 01 matter distributed under that compartment through a depth of 1000 
wiles wUl be 

Hj X pog e{>^ + ^r^ -h (aSOA)'} - log , \r^ ^ ^rf + (880?i)«}" | 
L log . 1^ - log , ri J 

irbero h if t^e arerage heij^ht of the Qixbalayas on the oompartnwat. 
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Then tlie resultant deflections^ which will be shown by observations to exist at the three 
stations, under the combined influence of the attraction of the Himalayas and the repulsion of 
the subjacent deficiency of matter will be as follows : — 



If the deficiency is 
diatribnted through 


DehnD6n 


Kftli<a» 


Ealttnpur 


A depth of 10 miles 


O 


O 


O 


A depth of 100 miles 


•I Hi 


•I H, 


O 


A depth of 500 miles 


•5Hx 


•4H, 


•»H, 


A depth of 1000 miles 


•7H, 


•6H, 


.4H, 



If the compensating deficiency of matter below the mountain mass be distributed through 
a depth of 10 miles or iess^ its effect will exactly counteract the efEect of the visible mountain mass^ 
and no deflections will exist at any station. 

If the deficiency of matter below the mountain mass be distributed through a depth 
of 1000 miles, its compensating effect will be greater {proportionally) at distant stations than at 
Dehra Dun, but will be incomplete at all stations, and the attraction of the Himalayas mil then 
ie perceptible to observation at places far distant from them*. 

It is not unreasonable to suppose that the mean density of the Himalayan mass and 
q( its underlying strata may be less than the density of surface rocks. But any reduction in 
the mean density of the Himalayas will affect the deflections at all stations proportionally, and 
no point will then be reached in India, where theinflueuce of the mountain mass will entirely cease. 
A mere change in the density factor is essentially different to the theory that large deflections may 
occur in the vicinity of mountains, but that a point must be reached, at which the positive 
attraction of the matter above will be cancelled by the negative attraction of the deficiency below. 

Pratt calculated the deflection due to the visible mountain mass to be at Kaliana 27^ and 
at Kali&npur 12^^ : if we assume the density of the Himalayas to be only one-half of the density 
of its component rocks, the deflection at Kali&na will be IS'^o and that at Kali&npur 6'^ : no 
assumed change in the density factor can entirely eliminate the northerly deflection at Kalidnpur. 
Kali&npur is our reference-station, and the crucial question is : Is the plumb-line at Kalianpur 
affected by Himalayan attraction ? It is difficult to see, how the entire compensation of the 
attraction at Kali&npur can co-exist with a large uncompensated effect at Dehra Dun. 

No hypothesis of uniform compensation will suffice to explain the contradictory 

effects of Indian Mountains and Seas. 

A comparison of the astronomic and geodetic values of latitude and longitude at stations 
in South India has brought to light deflections of the plumb-line, which are apparently outwards 

* If the deficiency of matter be distributed through a depth of 1000 miles, the point *' at which the positiTd 

*' attraction of the matter above will bo cancelled by the negatiye attraction of the deficiency below " will be situated 

840 miles south of the Equator. If the deficiency be through a depth of 500 miles, the neutral point will be litUAted 
just south oi Cape Comonn. 
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and towards the Ocean ; these outward deflections are found at coast stations, and disappear inland 
(page 806^ Volume 186^ Philosophical Transactions of the Royal '.Society, 1895)^. It has been 
inferred that the beds underlying the Ocean are of excessive density and attract the plumb-linea 
on the coast. In the case of the Himalayas it is argued^ that their effect is compensated at dis- 
tant stations, but uncompensated at near stations : in the case of the Ocean it is argued, that its 
effect is compensated at distant stations, and over-compensated at coast stations. At one moment 
we are maintaining that Himalayan attraction is not compensated at Dehra Dun on account of 
its proximity to the Himalayas, and at another we are stating that the influence of the Ocean is 
more completely counteracted at Madras than inland on account of its proximity to the Ocean. 
The submarine excess of density is thus supposed to produce its maximum effect at Madras and 
Mangalore, stations near to the Ocean, whilst the submontane deficiency of density is assumed to 
produce its minimum effect at Dehra Dun and Mussooree, stations near to the mountains. Is 
there not an inconsistency in these arguments ? 

All authorities have accepted the theoryt^ that ''under mountains and plains there 
''is a deficiency of matter approximately equal in amount to the mass above the sea level i 
"that below Ocean beds there is an excess pf matter approximately equal to the deficiency in the 
"Ocean when compared with rock : that the amount of matter in any vertical column drawn from 
" the surface to a level surface below the crust is approximately the same in every part of the 
Earth" (Clarke, Geodesy, page 98). According to the theory of M. Faye the excesses of matter 
under oceans, and the deficiencies under mountains have been caused by differences of temperature. 
(Comptes llendus. Volume XC^ page 1185). He points out that at the bottom of the sea at a 
depth of 4000 metres the temperature is 1^ Centigrad3, and that at the same depth under a 
continent the temperature is 149^ Centigrade: that the cooling and contraction of the crust are 
more rapid under seas than under continents. Viewing the problem from the contracted aspect of 
the Indian data alone, I am not presuming to dispute theories that rest on a world-wide basis : 
I am merely endeavouring, to show that the effects of mountains and seas in India are radically 
and essentially difierent. Wherever we observe within sight of mountains we find a deflection 
(apparently) t tovHirds those mountains : wherever we observe within sight of seas we find a deflec- 
tion (apparently) I towards those seas. (Philosoph. Transact. Royal Society, Volume 186, page 
8Q6). At Dehra Dun we find a meridional deflection of 38'^ towards the Himalayas: let us 
suppose that instead of a Tibetan plateau there exists a Tibetan sea, whose form, position and 
dimensions are the same as those of the plateau inverted : the meridional deflection at Dehra Dun 
due to this hypothetical sea would by analogy be 24!^ towards the south. But observations at 
numerous stations on the shores of the Arabian Sea, the Bay of Bengal, and the Indian Ocean 
lead us to infer that, if a Tibetan sea existed, the deflection at Dehra Dun would be 8^ towards the 
north. At coast stations in South India we find a meridional deflection of 3^* towai^s the Ocean : 
let us suppose that instead of oceans and seas there exists an equatorial plateau, whose form^ 
position and dimensions are the same as those of the Arabian Sea, the Indian Ocean, and the 
Bay of Bengal inverted : the meridional deflection at coast stations in South India due to this 
hypothetical equatorial plateau would by analogy be opposite in sign to what actually now 
exists : there would in other words be a deflection of 2^ in the opposite direction from the plateau. 
The analogy is fair that if the Indian Ocean attracts, the equatorial plateau would repel : but 
actual experience on the mountains of Northern and Central India has taught ua, that an equatorial 

* Vi(h pago XXXII» Volume Y, Operations af the Great Trigoiiometrieal Surrey of India. Vid^ also Fhllofoph. 
Magasine, August, 1878. Vide also Table following page 14 of this paper. 

t Helmert, mathematisohen u. pliysikaliscbeu'Tlieorion der Uttheren QeodftsiOi Teil II.» S. SCft. 

X I saj *' apparenilj *', because fche observed values of deflections are based on an assumed Figure of fch* Bartk and 
on an assumed absence of attraction at the station of origin. The apparent southerly deflectiona at the stations of South 
India, t.«., the southern positive zone, may be due to the unsuitability of the Svereet spheroid : but the Longitude Arcs 
of South India exhibit defleotiona towards the sea, and these cannot well be attributed to errors of af^roid. A merufio- 
•aMefleotion towards the land is exliibited at Bombay and Walt air, but the deflection in the Prime Vertical at theao^ 
places is towards the sea : and the resuUant deflection of the plumb-line is therefore sea- wards. The statement thai 
wheroTer we obserTe within aight of the sea we find a sea-ward deflection, is therefore correct. 
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plateau of the dimensions of the Indian Ocean inverted wcMiid assuredly produce large deflections 
towards itself at stations on its perimeter. 

The discordance between the effects of mountains and seas cannot be attributed to the 
presence of water in the latter. We can imagine the water compressed in volume^ until its density 
equals that of rock : it will then occupy |-ths of the volume of the Ocean^ and a vacuity equal 
to f tha of the Ocean will exist. The presence of water does not alter the character of deflections^ 
though it modifies their amounts. It may be pointed out that the theory of compensation as 
quoted above, expressly states that the deficiency of matter under mountains is equal to the 
mass of those mountains, but that the excess of matter under oceans is equal to the deficiency 
in the ocean, when compared with rock : and that the amount of matter in any vertical columf^ 
ii approximately the $ame^ 

Necessity for re-carcuratioir. 

When writing Part I of this paper, I compared the Himalayan heights and Oceanic depths 
assumed by Pratt with those that have been given by recent explorations and surveys : in making 
the comparison my object was to learn, if modern geographical knowledge would justify a decrease 
in Pratt's calculations of the attraction, the magnitude of his results having always been 
considered an obstacle to their acceptance. 

I did not then see the significance of Pratt having taken his heights and depths too small. 
A chart of the Ocean, Chart No. 8, in which the depths at several places are marked, is attached 
to this paper : at each place the true depth derived from modern Admiralty charts is given in roman 
figures with an a attached to them, and the depth assumed by Pratt is given in italic numbers with 
9,p attached to them. 

The errors in Pratt's assumed depths will be seen to be so great that his calculated valuea 
for the negative attraction of the Ocean must be rejected^. It is useless to discuss discre^ 

Sancies between calculated and observed results, unless the calculated results are based on correct 
ata. It is impossible to examine the question, unless a re-calculation is undertaken. 

The method of CaiculatiorK 

The method of calculation, that has been adopted, is that given by Colonel Clarke ia hi» 
work on Oeodesy. Round each station, as a common centre, sixteen circles have been drawn oa 
the maps, and through each station a series of thirty-six radial lines : the country round each 
station has been thus divided into a series of four-sided compartments : let a^ and a' be the 
azimuths of two consecutive lines, and n and r' the radii of two consecutive circles ; then Colonel 
Clarke shows that the deflection in the direction north caused by the mass of the compartment 
contained between limits o^ and a\ and r^ and r' is 

^ /- 

12*''44 -r- h (sin a' — sin a^ log c — > 

where S is the density of the mass, A the mean density of the earth, and h the average height of 
the upper surface of the mass above the station. 

* Pratt assumed tho depths at certain points in the Arabian Soa, Bay of Bengal and Indian Ocean^ and thea 
imagined the floor ol the Ocean to slope up gradually from these points to the coast lines^ 



t 




so 

The approximate deflection in the prime vertical was derired from the formula 

12*'*44 -^ h (cos a' — cos aj) log« — • 

The radius r' was taken equal to 2ri, and thence l(^e — is equal to 0'693. The radial lines 
were drawn at equal intervals of 10^ in azimuth. 

The calculated values of deflections vary directly with the value adopted for the ratio of 
the surface density to the mean density of the earth : it is therefore easy after the calculation to 
find the effect of a change in this ratio. The ratio of i, adopted in tlie calculations on page ^5, 
is probably too large^ and was selected as being a round number. Colonel Clarke has shown in his 
Oeodesy that the ratio of the surface density to the mean density of the earth can be expressed 
in terms of the ellipticity of the surface^ and as the spheroid of reference^ on which our 
triangulation has been projected, has an ellipticity of -sjftfSf ^ have^ in order to maintain 

consistency^ taken the ratio of the surface density to the mean density to be ^^ * 
The formula for the deflection in the meridian for each sector thus becomes 



ISru X -^ X 0-698 X ^^-*^oflA^^ ^ («a a' - sin a^) 
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= 0^000742 { [A] - 16 H} (sin a' - sin a{j, 

where H « the height of the station^ and [A] s the sum of the average heights of the fifteen 
compartments in a sector. 

If commencing due west of a station and proceeding clockwise through norths east and 
south, we number the sectors 1, 2, 3 to 36 then the factor 0^*000742 (sin a' — sin a^) for each 
sector mav be computed and tabulated : the following values of factors foi the several sectors have 
been employed, taking /^ as factor for meridional deflections and/g ss factor for deflections in the 
prime vertical:— 

TABLE OP PACTOES. 



•la •' — tin «i 
ooa a' — oot ai 
'00074a (sin a' 
'00074a (cot a' ' 



•inai)-/i 
008 aj)-/. 



8ECT0SS 



1,18,19,362,17,20,86 



3,16,21,84 



446,22,88 



6,14,28,32 



6,18,24,81 



7,12,26,80 



•15 
•174 

'OOOOII 

*oooia9 



•04s 
*i6S 

*oooo33 

*ooox 35 



•074 
•15S 
-000055 
'OOOII7 



'100 

•«43 
'000074 

*oooio6 



•laj 

•133 

'000091 
'000091 



•143 

'lOO 

*oooio6 
*oooo74 



•158 
•074 
-000117 
•000055 



8,11,26,299,10,27,21 



168 



'«4S 



-000135 
-000033 



•*74 
•015 

'000139 



-OOOOII 



The factors were m&de positire ; as it was desirable tbat meridional deflectiona to the south 
•lioald be positive, meridional deflectioDs have been given the same siga aa [A] — 15 H for soutliera 
sectors, and the opposite sign for northern sectors : deflections in the prime vertical have been given 
the same sign as [A] — 15 H for vestern sectors, and the opposite sign for eastern sectors. 

Account had to be taken of the presence of sea-water in the Ocean : supposing the mean 
density of the earth to be 6*7* and the surface density of India to be 2 - 6, then the t^t^erence 
between the density of the Ocean and the surface density of India was 3-6 — 1 =: 1 - 6 : therefore 

in the formnlathedensityfactorfordepths was -^7=-= J- x -^-^ (nearly) = |ths of the density 

factor for heights. In order to preserve one formula for both heights and depths, the latter have 
been mnltiplied by | : the deplk$ entered in the /olloioing tables are consegueatiy but three-fifthi of 
the d^tht actually thowa on Admiraltjf charts. 

The calculation has been extended to a distance of 4000 miles from each station : it 
was necessary to extend the calculation to such a distance, that irregular masses beyond might 
be presumed to affect all stations in India similarly : the average elevations of all continental 
regions north of India are fairly well known, and the deptli of the Ocean for many thousand 
miles south of India has been ascertained. By limiting the calculation to 4000 miles it is 
probable that the resulting meridional deflection at Punose, the southerumost station, is slightly 
too large — say by 1" — relatively to the deflection at Mussooree. Mussooreeis 1500 miles north of 
Funnte, and consequently a strip of the southern Ocean 1500 miles in width, that did not enter 
into the calculation for Mussooree, has been included in that for Punnie. 

Beyond 4000 miles the correction for curvature rapidly increases with distance, and 
tends to lessen the effects of mountains and seas. The heights and depths of compartments 
situated at distances of 500 miles and more from the station of calculation have been corxected 
for cnrvatnie. 



Annnlaa 


r^.-f-. 


Log.""*'' 


CnrvBtnte 
B 


ri in miles 


r* in miles 


500 
1000 
3000 
4000 
8000 


1000 
2000 
4000 
8000 
16000 


0-693 


0-689 
0-675 
0*617 
0-434 
0-093 


0-994 

0-974 
0-890 
o-6ia 
0-134 



When a compartment includes both land and sea, the mean height or depth is takeo to be 

H X . g g- X  - - g , where L = area and H = mean height of the laud portion, and 

'8 = area and D = mean depth of the sea portion. 



 Helmeit, mathem. i^ phjiUaL Iheoiien der HOliann QeodUSt Teil II, B. 892,60(1. 



An error of 1,000 feet in the adopted heigbt of ft compartment vill, if the e^oqpartment 
be situate due north or south, produce an error of 0^*13 in the resulting deftectioa. Nowhere 
within the limits of India is a compartment likely to be in error by 1,000 feet ; it is possible that 
Himalayan compartments may occasionally be in error by as much as 2,000 cu" 3:,00O Feet; if ten 
such compartments have a probable error of 8,000 feet, the probable error of the resulting deflec- 
tion will be about 1'^. 

In determining the heights of Tibet, I have made use of the explorations of Prejevalsky,. 
Pevtsof, Littledale, Bonvalot, Sven Hedin and Dea&y. The depths of the sea have been taken 
from Admiralty charts, and Captain Heming, R.N., the Superintendent of the Marine Survey 
of India, has supplied me with valuable information. I made much use of Captain Basevi^a 
heights of compartments in the vicinity of Mussooree. 

Selection of Stations for Calculation^ 

Chart No. 8, illustrates the positions of the 1^ stations selected for calculation. The first 
stations chosen were Kali&na, Kalianpur and Damargida, being Pratt's three stations : to these 
were added the stations of Dehra Dun and Mussooree in the north and oi Punnse in the extreme 
south of India : there were then six stations situated on the central meridian of India. 

It was intended to end the calculation with these six stations, but when the result at Punn» 
alone was found to be at serious variance with the result of observations, it was considered 
advisable to include more coast stations, and the four stations of Bombay, Mangalore, Madras and 
Waltair were added {vide Chart No. 8). 

The station of Calcutta was added, because observations give it a southerly deflection with 
reference to the deflection at Kalianpttr, and it was difficult to conceive, how the deflection at a 
station situated like Calcutta due south of the Himalayas and due north of the Bay of Bengal 
could be less northerly than at Kalianpur, which is south-west of the Himalayas. 

Te»i Station. If the theory of Himalayan compensation is correct, and if no northerly 
attraction exist at Ealulnpur, the values of (O — C) in latitude will not be large at stations remote 
from India and will show no persistence in sign. IE on the other hand the plumb-line at Kalianpur 
suffers a northerly deflection, such as its situation would lead one to expect, then the value of 
(O— C) at stations removed from the influences of the Himalayas and Ocean should be persistently 
positive: Mandalay would be a valuable latitude station, but the deflection of its plumb-line 
cannot be calculated, because the heights of the mountains north of Burma are unknown ^ 
these mountains rise to great elevations, and the mean heights of areas in this region could not 
be estimated within 3,00Q or 4,000 feet. The impossibility of calculating the deflection at 
Mandalay left Baluchistan the most suitable place for a test station : the longitude station at 
Quetta^ would have served the purpose, bad it not been too close to. bills* Another station waa 
therefore selected in a flat open valley with no hills in the immediate vicinity. The station h€ts been 
named " Beyond-Q,uetta '\ and the deflection oE its plumb-line has been calculated. A northerly 
deflection at Beyoud-Quetta is to be expected : on the north side is the Afghan plateau, and 
on the south the low Jacobabad desert and the Arabian Sea, the matter ta the north being in. 
visible excess of that ta the south. Therefore^ if there is no northerly attraction at Kali&npur,. 
the value of (Q — C) at Beyond- Quetta* should be negative. If, on the other hand, there is a 
large northerly deflection at Kalianpur, it will exceed in amount the northerly deflection at 
Beyond-Quetta, and the value of (O — C) at the latter will be positive. Beyond-Ckietta is thus a 
test station : if it furnishes a negative value of (O — C) the thieory of Himalayan compensatipui 

^ ITo Utiiude oUecvationa bATO been (eJ[en in Balufihubuu 
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will be confirmed: if it fornishes a positive value of (O— C), the attraction of the- Himalayas 
at Kalianpur will be ahovu to be probably appreciable. 

Tests of the FormulaB. 

Being ancertiun a« to the most favooraUe forms aaJ dimensions to gjve to compartmeirts, 
I calculated the deflection at Kali&apur under different conditions : firstly, the country round 
Kalianpnr to a distance of 4000 miles was intersected by radial lines at 10° ioterTal in- azimuth 
mnd by circles, whose radii iacreased in geometrical progression with a factor <^ 3: the deflection 
under these conditions was calculated as. 37*''6. Secondly, the same area was intersected by 
radial linea at 15° interval in azimuth and by circles, wiiose radii increased in geometrical pro* 
gresaton with a factor of | : the deflection under these conditions was calculated an 3&''4i. 
The discrepancy between the two values of the deflection derived firom d^erent ^sterns oE 
dissection was 1*^2. 

Muaiooree and Dehra Dun are within 9 miles of each other> and observations show that 
the deflection of the plumb-line at the two places is almost identical : the deflection derived from 
the following- calculaiiooa ia at MuBscx)ree ra^Si and at Dehra Dun 73^'2; A discrepancy of only 
0*''3 was reassuring,, in that both Mussooree and Dehra Dun are- situated in hilly i>egions, tb& 
Imghts of whose compartments are difficult to average, and whereas Itehra Dun lies in an open 
valley with no hills within 4 miles, Mussooree stands at the summit of a precipitous hill*. 

As lUijpur, situated ouJy & miles from Dehra Dui>, abowa-nde&ectiou exceeding that at 
Dehra Dwt, bf 10.'^, vide Table following page 11, a rough calculation of its deflection^ was made to< 
test the practical application of the formica: the hills rise at 700 yards from R&jpur-: if two circles- 
be drawn one with a radius of 700 yards and one with a, radius of 5 miles, and fourtadial lines- 
one in azimuth 60^ west of north, another in azimuth 80° east of north, a third in^ aeimuth S0°" 



 The error arikibg bom tbe adoptibn of a ratio 2 may be foond: we will take-an extreme cue aiid:anpp(Ma- 

that the height of one half of a compartment la 10000 feet and, the height ol the other half 0. B; onr Bjstem of 
kreraging we take the height of the whole compartment to be 5000 teet. The deflection, due to the compartment, as 
calcnUted, U 0"-00018e x 6000 log. 2 - 0"-6* : the tree deflection, if the inner liall of the compartment is 10000 feet 
high, iB Of-000186 x 10000 log, -/i-B- V"»5: the trna deflection, if the enter half of the compurtment U 10000 feet 
high, ia O'-OOOISS x 10000 log , , ~ V'U. The error In the deaection dne to thia compartment arisiug from the 

•doptioo ol the ratio — 3; is 0"-20. 

In nich. an, extreme case anerrorMiuf obtain, whatever valne of — be adopted. If we had taken — — ), instead. 
ol 2, then the deflection dae to the compartment as calculated would havo been 0'''3S. The tme deflection, if the inner 
half of the compartment had been 10000 feet high, would have been 0"'46< The tme defection, if the oater half at 
the compartment bad been. 10000 feet high) wonld have been 0"-30. The error with a ratio of — — { Is 0'''08. 

On the other hand the smaller the ratio, the greater the nnmber of annnli leqniaiCe, and, if e be the probable 
e compartment, the probable error of the deflectioa due to a sector iaa v^where 

The masnitiide of distant compartments ia not decreaaed bjdecreaiing the ratio of — : when — '= 2, the radial 

length of a eompBitBient becomes 1000 miles, when r|.~ 1000 miles: when —"(, the radial length, becomes 1000 miles 
when r, — 200O'mIle8: a decrease in the ratio postpones bat does not eliminate the necesslt; of lai^e compartments. 
The qnestion of the ratio was aDzionsl; consideied, bat I nnf ortnnUeljr overlooked the poBsiblllt; of altering the ratio aL 
4itf fr^T,t distances from the Btation. 
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}  ,  < . ... 

east of south^ and a fourth 60^ west of souths and if the average height of the enclosed area tb 
the north be taken as 1^500 feet above Raj pur and the average height of the valley to the south 
as 800 feet below Bajpur^ the deflection at li&jpur due to the hills and valleys^ that are situated 
within a radius of 5 miles^ will be 

iru ^ "Iry ^ ^^^5280^^ ^ ^""^ ^^ "^ "'^ ^^"^ ^^^' ^^'^ "^ ®''' 

It is but natural that the excess of the deflection at R&jpur over that at Dehra Dun^ as 
t^alculated^ should be Z^^^'than the observed value^ seeing that we have omitted from the calcula- 
tion any consideration of the fact that Mjpur is 5 miles nearer than Dehra Dun to the Tibetan 
plateau. 
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TABLES 

OP 

HEIGHTS OF COMPARTMENTS. 

Himalayan Heights are shown in Roman Figmes, thus, it69. 
Continental Heights „ in Ordinaiy „ „ 1769. 

Oceanic Depths „ in Italic „ „ i?6b. 



To allow for the presence of sea-water Oceanic depths as entered in the tables are f ths of 
;he true depths derived from Admiralty charts. 

When every compartment of an annulus has the same areiRge height, that height is entered in 
;he two centre colunua only. 



S6 MUSSOOREE. 

Seight above Mean Sea Level = 6920 feet. 

Heights of Compartments in feet and Calculation of Deflection of Plumb-line. 



North Side, 



Badii of Annuli 

• 


SEOTOBS 


W. N.W. N. 


N.B. 


B. 






280° 


290° 


800° 


810° 


820° 


380° 


840° 


850° 


a' 
0° 


l(f 20^ 


80° 


40» 


60° 


60P 


70° 


80° 


90° 


x' 


'1 


270P 


280° 


290° 


 

800° 810° 


320° 


830P 


840° 


850° 


0° 


10° 


20P 


80° 


40° 


60° 


60° 


70P 


80° 


MilM 
o'las 


MilM 




6840 


6860 


6860 


6860 


6860 


6870 


6880 


6890 
6480 


6900 
6500 


6890 
6600 


6880 
6570 


6880 
6530 


6870 


6870 


6860 


6860 


6850 


6860 
6800 


0*25 


0*125 


6400 


6400 


6400 


6400 


6420 


6440 


6460 


6500 


6410 


6400 


6600 


6700 


o»s 


0*25 


6450 


6800 


6160 


6070 


6980 


6920 


5890 


5900 


5910 


6050 


6160 


6100 


6040 


6150 


6800 


6320 


6880 


6460 


I 


0-5 


6680 


6620 


6640 


6600 


6280 


6060 


6890 


5740 


5560 


5510 


6500 


5500 


5690 


5660 


5700 


6780 


5900 


6100 


J 


I 


6600 


6900 


6900 


6800 


6000 


6500 


4900 


4400 


4100 


8900 


4000 


4600 


6200 


5500 


6900 


6400 


6650 


6700 


4 


a 


6'^iOO 


6900 


6600 


6800 


4700 


4100 


8800 


8700 


4000 


4800 


4300 


3800 


8800 


4000 


4400 


5000 


5700 


6200 


8 


4 


6000 


4900 


4800 


8700 


8800 


8400 


8900 


4200 


4900 


4990 


5000 


5800 


6000 


4800 


4600 


4600 


4800 


5700 


16 


8 


2200 


2600 


2600 


8800 


4600 


4000 


8200 


8200 


8600 


4100 


6000 


6000 


6600 


5600 


6000 


5000 


6000 


5000 


3a 


16 


1700 


2800 


8000 


8600 


8600 


6000 


6300 


5800 


5300 


4500 


4600 


5700 


6800 


4600 


4600 


5300 


8800 


3500 


64 


3* 


1700 


8400 


4600 


5600 


6800 


6600 


6000 


7000 


8500 


9500 


lOOOO 


12500 


13500 


9500 


IIOOO 


12000 


7500 


6600 


128 


64 


800 


idbo 


1400 


2800 


8600 


8800 


6O0O 


11500 


11500 


11000 


12000 


18000 


14800 


18500 


11500 


11600 


10000 


7000 


356 


128 


650 


650 


700 


900 


1500 


2000 


9000 


12000 


12000 


12000 


18000 


14000 


140OO 


14000 


14000 


16000 


14000 


lOOOO 


5«« 


156 


600 


600 


aooo 


2000 


5000 


7000 


7000 


8000 


9000 


10000 


9000 


12000 


14000 


16000 


15000 


14000 


15O0O 


13000 


1034 


5" 


2000 


4000 


5400 


3000 


3000 


8500 


5000 


4000 


8000 


8000 


8000 


8000 


4000 


5000 


8000 


11000 


11000 


9000 


2048 


1024 


2000 


2000 


600 


300 


600 


600 


600 


600 


600 


600 


1000 


4000 


4000 


3000 


3000 


3000 


3000 


2000 


Be: 


rond 


1000 



































200 


200 





9500 


8000 


8000 


Sam - 


103800 


53920 


50830 


48600 


47630 


44120 


40960 


32360 


21280 


19330 


17840 


14680 


1770 


+ 
5130 


190 


+ 
1500 


1900 


6370 


17850 


Ooireot 
Ourri 


ion for 
Ature 


200 


100 





























100 


100 


100 


100 


+ 
900 


+ 
700 


+ 
800 


Sam 


-A 


54 1 30 


50930 


48600 


47630 


44120 


40960 


32360 


21280 


19330 


17840 


14680 


1870 


+ 
5030 


290 


+ 
1400 


1060 


5670 


17050 


/i ^ 


< A 


0-6 


1-7 


2'7 


35 


4-0 


4-3 


3-8 


a-7 


»-5 


a-3 


1-8 


0*2 


+ 
0-5 


o*o 


+ 
0*1 


o*i 


0'2 


0*2 


A 


K A 


-7'o 


-6-4 


-5-7 


-S'o 


-4-0 


-3"o 


-1-8 


-0-7 


— ©•2 


— 0'2 


-0'5 


-O'l 


+ 0-4 


o»o 


+ 0*1 


-O'l 


-0-7 


-2*2 



MUSSOOREE. 
Seight above Mean Sea Level = 6920 feet 

Heights of Compartmenta in feet and Calcalation of Deflection of Plumb-line. 
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South Side. 



SECTORS 



S. 



8.E. 



B.W. 



W. 



l(xf 110* laf 



18OP 



140^ 



160P 



160" 



170P 



180* 



tf' -- 



190P 



200P 



210° 



220* 



230* 



24(f 



260* 



260* 



27(f 



Badii of Aanuli 



9(f 



lOOP 110* 



120* 



180* 























140* 


160P 


160P 


170P 


180* 


190* 


200* 


210* 


220P 


230* 


240* 


6820 


6820 
6850 


6810 


6800 


6810 


6810 


6820 


6810 


6790 


6800 


6800 
6590 


6500 


6850 


6850 


6400 


6600 


6580 


656() 


6580 


6610 


6440 


6260 


6070 


5900 


5910 


6010 


6120 


6170 


6200 


6260 


6860 


6100 


6850 


5600 


5500 


5550 


5600 


5800 


6050 


6250 


6850 


6500 


6600 


5200 


4900 


4700 


4800 


5200 


5300 


5200 


4980 


4990 


5300 


4400 


4600 


4500 


4200 


8500 


8600 


3800 


8700 


8900 


4800 


4800 


8600 


8100 


2900 


2800 


2800 


2800 


2800 


2900 


8000 


3300 


3500 


2700 


2400 


2000 


2000 


2100 


2100 


2100 


2000 


1900 


1900 


1900 


2200 


1800 


140O 


1700 


1600 


1500 


1500 


1600 


1600 


1600 


1600 


2600 


1800 


900 


830 


830 


800 


800 


800 


800 


800 


800 


1000 


800 


800 


800 


750 


750 


750 


750 


750 


750 


750 


550 


550 


550 


550 


600 


900 


900 


850 


800 


750 


750 


300 


600 


900 


900 


1300 


1200 


1300 


1200 


900 


700 


700 


600 


IJOO 


1300 


1400 


1400 


1800 


1000 


300 








300 


3500 


6000 


6000 


6000 


2000 


2600 


6000 


6600 


6300 


4600 


600 





9500 


8600 


8000 


6600 


6000 


6000 


6000 


2000 





1000 



250* 



260* 



6860 



6800 
6610 



6860 



6830 
6600 



6300 6360 



6800 
6700 
6700 
5000 



6500 
6600 
6600 
6600 



4000 4000 



4000 
6000 
9000 



10000 
6000 
1000 
9600 



8800 
8000 
4000 
8000 
1000 
1000 
8000 



6860 



6850 



685d 6800 
6766 6720 



6600 
6000 
5800 
5200 
4300 
4000 
8400 
2000 



1000 
400 
100 

too 
2000 



6560 
6800 
6800 
4400 
8600 
4000 
8800 
2900 



1200 

300 

900 





6850 



6800 



6700 
6600 
6360 
6600 
6000 
8900 
8100 
8000 
2800 
1500 

550 
300 

lOO 

1000 



6560 
6490 
6500 
6000 
5600 
4000 
2000 
1700 
850 

750 

650 

600 

looo 

1000 

1000 



6820 



6680 
6560 
6700 
6680 
6800 
4500 
2000 
1700 



900 

750 
650 
600 
500 
1000 
1000 



Miles 

©•135 



Miles 



0*35 

0'5 
1 



4 

8 

16 

3* 

64 

138 

356 

5" 

1034 

3048 



O'la.s 
0*35 

0-5 
I 

3 

4 
8 



16 

3* 
64 

138 

356 

5" 
1034 



Beyond 



38490 

+ 
1000 



37490 



46030 

+ 
800 



4S^20 



S340O 

+ 

300 



51530 



53300151530 



59390 



59390 



64910 

+ 
100 



64810 



79500 

+ 
1 300 



78300 



80330 

+ 
1100 



79'30 



79170 

+ 
1000 



78170 



74760 

+ 
800 



73960 



7*540 

+ 
600 



71940 



76300 

+ 
700 



75500 



78320 

+ 
800 



77530 



74440 

+ 
400 



74040 



6999063750 



+ 
100 



69890 



100 



63850 



59100 



100 



57430 



100 



59200 



57530 



Sam — 103800 

Correction for 
duraturd 



Bttm — A 



0*3 
-35 



i'5 

-5-7 



3*9 
— 6'3 



3-8 
-5-5 



5*4 
-5*4 



6*9 
-4-8 



9*3 

-4'3 



9*9 

— 3'6 



lO'I 

— o*9 



9'5 
-0-8 



9*0 
-3-4 



8-8 
-4-2 



8-3 
-5-7 



6-7 
-6-7 



5*2 
-7-4 



3'5 

-7-5 



2*0 
-7'4 



0-6 
-7'4 



Deflection in Meridian =8- — N = 

D<x Prime Vertical = W - E = 



— 41 •! 



f. X A I 




S8 DEHRA DUN. 

Seight above Mean Sea Level = 2239 feet. 

Heights of Compartments in feet and Calculation of Deflection of Plumb-line. 



North Side. 



Badiiof Annuli 


SECTORS 


W. 


N.W. N. N.E. p. 






280** 


290° 


300° 


310° 


320° 


330° 


340° 


350° 


a 
0° 


10° 


20° 


80° 


40° 


50^ 


60° 


70° 


80° 


90° 


r' 


ri 


270° 


280° 


290° 


300° 


310° 


320° 330° 

1 


340° 


350° 0° 


10° 


20° 30° 


1 
40° 


60° 


60° 


70° 


• 
80° 


Miles 


Miles 






























- 








0*125 





















2240 


2240 


















0-25 


©•125 


















2240 


2240 












, 




0-5 


0'25 


















2250 


2250 


















z 


o-S 


2200 


2200 


2220 


2220 


2240 


2240 


2250 


2300 


2300 


2300 


2300 


2300 


2300 


2300 


2300 


2280 


2280 


2260 


2 


I 


2200 


2150 


2210 


2240 


2300 


2350 


2500 


2600 


2600 


2380 


2500 


2509 


2500 


2500 


2600 


2500 


2400 


2300 


4 


2 


2050 


2050 


2200 


2270 


2400 


2500 


2700 


3000 


3000 


3000 


3000 


8000 


3000 


3000 


2800 


3000 


2700 


2500 


8 


4 


1920 


2000 


2200 


2300 


2500 


3000 


8300 


3700 


3800 


3500 


3400 


3300 


3400 


3600 


3800 


4000 


3900 


3900 


16 


8 


1800 


1500 


1600 


2000 


2500 


3500 


4000 


4000 


4500 


4300 


4200 


4200 


4800 


5000 


4700 


4700 


6000 


4800 


32 


16 


1800 


1600 


1500 


2500 


3000 


3600 


4000 


4800 


4500 


4000 


4000 


4100 


4200 


4300 


4100 


3900 


3700 


3500 


64 


3a 


1500 


3000 


3500 


4000 


5000 


5500 


6000 


7000 


7500 


7600 


8000 


9000 


11000 


12000 


9000 


8000 


6000 


4000 


128 


64 


900 


1000 


2000 


3000 


3600 


5500 


6000 


9000 


10000 


11000 


12000 


13000 


15000 


13000 


11500 


11500 


10000 


7000 


256 


128 


650 


650 


700 


900 


1500 


2000 


9000 


12000 


12000 


12000 


13000 


14000 


14000 


14000 


14000 


15000 


14000 


10000 


Si» 


256 


600 


600 


2000 


2000 


6000 


7000 


7000 


8000 


9000 


10000 


9000 


12000 


14000 


16000 


15000 


14000 


15000 


13000 

 


1024 


5" 


2000 


4000 


5400 


3000 


3000 


8500 


5000 


4000 


3000 


8000 


8000 


3000 


4000 


5000 


8000 


11000 


11000 


9000 


2048 


1024 


2000 


2000 


600 


300 


600 


600 


600 


600 


600 


600 


1000 


4000 


4000 


3000 


3000 


3000 


3000 


2000 


Bey 


ond 


1000 



































200 


200 





9500 


8000 


8000 


Sum — 


33585 


847s 


6345 


2965 


2365 


+ 
4545 


+ 
12195 


+ 
23255 


+ 
31905 


+ 
33705 


+ 
34585 


+ 
36305 


+ 
45305 


+ 
53305 


+ 
54805 


+ 
51705 


+ 
44285 


+ 
41885 


+ 
37165 


Correct 
Ouryi 


ion for 
ituro 


200 


100 





























100 


lOO 


100 


100 


+ 
900 


+ 
700 


+ 
800 


6um 


-A 


8675 


6445 


2965 


2365 


+ 
4545 


+ 
12195 


+ 
23255 


4- 
31905 


+ 
33705 


+ 
34585 


+ 
36305 


+ 
45205 


+ 
53205 


+ 
54705 


+ 
5x605 


+ 
45185 


+ 
42585 


+ 
27965 


/i > 


c A 


— O'l 


— 0*2 


— 0'2 


— 0'2 


+ 0-4 


+ 1*3 


+ 2*7 


+ 4-0 


+ 4-3 


+ 4*5 


+ 4-5 


+ 5'3 


+ 5*6 


+ 5*0 


+ 3*8 


+ 2-5 


+ i'4 


+ 0-3 


A > 


< A 


— 1*1 


-0-8 


-0-3 


-o'3 


+ o'4 


+ o*9 


+ 1*3 


+ I-I 


+ o*4 


+ o*4 


+ I '2 


+ 2-5 


+ 3*9 


+ 5'o 


+ 5*5 


^VZ 


+ 5*3 


+ 3*6 



The station at Dehra Dun selected for calculation is the Zenith Hector Pillar in the Haig Observatory in the present office 
of the Trigonometrical Survey. Its latitude was observed by Captain Lenox Conyngham in November 1899. It is sivaated 
2862 feet south of the old latitude station of Dehra Dun. 



At Dehra Dun 


Observed Latitude 
- 


Geodetic Latitude 
- C 


0-0 


Old Station ... 
New Station ... 


30° 19' I9"*S6 
30 18 51 92 


30° 19' 57" -38 
30 19 29 -04 


- 37"-82 

- 37 •>2 



DEHRA DUN. 

Height above Mean Sea Level = 2239 feet. 
Heights of Computmente in feet and Calculation of Deflection of Plumb-liue. 
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lOCf 


110° 


120^ 


130° 


140° 


IMF 


160° 


170° 


180- 


190° 


200° 


210° 


220° 


230° 


240° 


260° 


260° 


270° 






90" 


100° 


110° 


120° 


130° 


140° 


ISO" 1 160° 


,,0. 


180° 


190° 


200° 1 210° 1 220° 1 230° 1 240° j 230° | 260° 


r' 


ri 


















1130 


1330 




013i 


Milei 


















330O 






0-3S 


o-iij 


















3190 


3190 




O'S 


o-*S 


»140 


IIJO 


»M 


».o 


3100 


,.90 


3.80 


3.70 


1160 


3160 


« 


« 


O'S 


»4O0 


3400 


»40o 


1100 




- 


lOOO 


,000 


1050 


30S0 


" 


« 




1400 


3400 


2400 


llOO 




30SO 


.000 


1000 


.000 


,000 


' 


4 




3800 


3900 


3600 




30OO 


3«.0 


3.00 


3 300 


3.00 


3 100 


3 


8 




4000 


36O0 


2300 


ilOO 


1900 


1700 


IJOO 


1400 


1700 




3400 


3300 


t30O 


330O 


J40O 


3600 


3300 


looo 


16 




asoo 


3300 


3000 


«s« 




1500 


MOO 


1300 


 Soo 


1300 


1100 


.100 


.100 


..00 


1300 


'45° 


1600 


1700 


3» 


16 


4000 


3000 


3000 


4000 


3000 


3300 


.100 


.000 


8so 


8jo 


850 


8so 


850 


900 


900 


900 


950 


noo 


64 


3» 


6000 


3O00 


2000 


1000 


3 000 


800 


JOO 


JCO 


JOO 


700 


750 


7S0 


75° 


800 


800 


850 


900 


900 


138 


64 


9000 


4O00 


row 




iso 


5S0 


iS" 


SSo 


SSO 


600 


900 


900 


850 


800 


75" 


750 


650 


650 


3S6 


138 


10000 


3000 


400 


300 


300 


300 


600 


900 


900 


1300 


tioo 


IlOO 


I3O0 


900 


JOO 


700 


600 


600 


S'» 


*j6 


6000 


1000 




900 


100 


600 


1.00 


13W 


1400 


.400 


iSoo 


.000 










«oo 


1000 


500 


1034 


jia 


1000 


lOOO 







1000 


3600 


6000 


6000 


5000 


2000 


S500 


6000 


6500 


6300 


4500 


eoo 


1000 


1000 


3048 


1014 


3500 


8000 


aooo 











9500 


8600 


SOOO 


€500 


5000 


SOOO 


6000 


aooo 





.000 


,000 


1000 


BejoDd 


1564s 


.i. 


817s 


S68S 


"945 


.660s 


»9S6s 


)837| 


36185 


10905 


.9083 


13635 


26T35 


"S'S 


.»., 


"3045 


10B45 


..l4S 


Sum - 3358s 


:<^ 


800 


too 







too 


■too 


MOO 


+ 


+ 
Boo 


600 


700 


800 


+ 
400 


+ 


To. 


Too 


Too 


Correction for 

CUITBlUW 


.6645 


3565 


797s 


sees 


11943 


ifiSOi 


^slfis 


37 'JS 


'S'8S 


20105 


isTsi 


"935 


25 + "0 


23II5 


■sifis 


'3r4S 


1094s 


.>64J 


gum- A 


+ 0-. 


-0-. 


-04 


-0-4 


-l-l 


-, 


-3'3 


-3-4 


-3-» 


-»6 


-33 


-1-7 


-1-7 


-3-0 


-1-4 




-04 


-0-. 


/i « A 


*'■■ 


-0-4 


-0-9 


-0-6 


-•■' 


-.■3 


-1-6 


-09 


-0-3 






-1-3 


-1-9 


-30 


-3-0 


-I'S 


-■" 


-'■5 


/. * A 



DeflectiOQ in Weridi; 
Do. Prime 



= S - N = -73"-2 
Vertical = "W - B = -38 -6 



6o 



KALIANA. 



Seight above Mean Sea Level = 814 feet. 

Heights of Compartments in feet and Calculation of Deflection of Plumb-line. 



North Side. 







SECTORS 


Badiiof Annnli 


W. 




N.W. N. N.B. S. 


^ 


280° 


290° 


800P 


810° 


820° 330P 


340* 


350° 


0^ lOP 20° 


80° 


40° 


50° 


60P 


70° 


80^ 90° 


• 


'1 


270P 


280* 


290P 


300** 


310° 


320° 


380° 


340° 


850° 


0° 


10° 


20P 


80° 


40° 60° 


60° 


70° 


80° 


UUes 

0'125 


MUes 




















809 


809 


















0-25 


0*125 


















810 


810 
















o-s 


0'2S 


















810 


810 


















1 


o'S 


















810 


810 


















% 


I 


















800 


800 


















4 


t 


















810 


810 


















8 


4 


















820 


820 


















16 


8 


















830 


830 


















3* 


16 


800 


810 


820 


820 


830 


840 


840 


850 


850 


850 


850 


850 


850 


850 


840 


830 


830 
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KALIANA. 

MeigM above Mean Sea Level = 814 feet. 
H'eightB of CompartmentB ia feet Aiid CalculatioD of Deflection of Plumb-line. 
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KALIANPUR. 



Seight above Mean Sea Level = 1765 feet. 

Heights of Compartments in feet and Calculation of Deflection of Flumb-liue. 
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KALIAN PUR. 
Meight above Mean Sea Level = 1765 feei. 

Heights of Compartments in feet and Calculation of Deflection of Plumb-line. 
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64 DAMARGIDA. 

Seight above Mean Sea Level = 1937 feet. 

HeightB of Gompartments in feet and Calculation of Deflection of Plumb-line. 
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DAMARGIDA. 

Height above Mean Sea Level = tg^y feet. 
Height* of CompuimentB in feet and CalculBtion of DeQection of Plumb-line. 
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PUNN/E. 



Height above Mean Sea Level = 48 feet. 

Heights of Compartments in feet and Calculation of Deflection of Plumb-line. 



North Side. 
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BOMBAY. 



Seight nbove Mean Sea Level = 30 feet. 

Heights of Compartments in feet and Calculation of Deflection of Plumb-line. 



North Side. 
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70 MANGALORE. 

Seight above Mean Sea Level = 1 74 feet. 

Heigh t» of Compartments in feet and Calculation of Deflection of Plumb-line. 
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South Side. 
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WALTAIR. 
SeigJit above Mean Sea Level = 200 feet. 

Heights of Compartments in feet and Calculation of Deflection of Plumb-line. 



North Side. 







SECTORS 








B«4u«f Anmuli 


W. N.W. N 




N.E. 




B. 


^ 


280° 


290° 


800° 


810° 


320° 


330° 


340° 


350° 


0' 

OP 


10° 20° 


80° 4/(f 


60° 


60° 


70° 


80° 


90° 


r' 


'i 


270° 


280° 


290° 


300° 


310° 


320° 


330° 


340° 


350° 


0° 


10° 


20° 


30° 


40° 


60° 


60° 


W 


80° 


Miles 


Miles 






































0-125 





















200 


200 


















©•as 


0*125 


















200 


200 


















0-5 


©'•S 


















300 


200 


















I 


o'S 


















300 


200 


















s 


I 


aoo 


200 


200 


300 


300 


300 


400 


400 


400 


400 


300 


200 


100 





10 


20 


80 


40 


4 


a 


soo 


200 


300 


300 


400 


400 


500 


500 


500 


400 


200 


100 


SO 


10 


20 


30 


60 


60 


8 


4 


200 


300 


300 


300 


400 


400 


500 


500 


500 


400 


300 


100 


SO 


20 


40 


GO 


80 


100 


16 


8 


600 


600 


700 


800 


800 


800 


700 


600 


500 


Soo 


300 


100 





40 


80 


100 


150 


200 


3* 


16 


1200 


1300 


1400 


1500 


1500 


i50«> 


1400 


1300 


1200 


1 00c 


600 


200 


40 


20 


80 


120 


200 


300 


64 


3» 


2000 


2200 


2500 


2500 


2500 


3000 


3000 


2500 


1500 


1300 


1000 


800 


300 


30 


80 


200 


350 


500 


128 


64 


1500 


1300 


1400 


1500 


1600 


1400 


1600 


2000 


2000 


1700 


1300 


1200 


1800 


200 


200 


400 


600 


800 


256 


128 


IIOO 


1000 


lOQO 


1000 


J^OO 


1500 


1500 


1200 


1000 


800 


1500 


1500 


1000 





1200 


3300 


4500 


4500 


51a 


»5<J 


1700 


* 1 
1300 


1200 


1200 


1200 


1500 


1600 


1600 


1500 


IIOO 


1400 


1000 


600 


50 


100 


1000 


3500 


4000 


1024 


51 » 








400 


1000 


I20O 


1100 


1000 


4000 


7000 


8000 


9000 


8000 


3000 


2000 


2000 


1000 


1000 





2048 


1024 


6800 


4800 


1000 


2500 


2800 


2000 


4000 


5000 


7000 


8000 


6000 


9000 


8000 


6000 


3000 


3000 


1000 





Beyond 


1000 


500 


400 


1000 




















500 


500 




• 








6000 


9000 


8500 




+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


— 


— 


— 


Sum — 3000 


500 


1600 


6400 


11500 


I 2100 


11500 


13800 


17200 


20700 


21200 


19900 


20300 


12540 


4790 


790 


9630 


18860 


21400 


Correoiion for 


+ 


+ 




« 


.^ 


. 


— 


— 


.. 


_ 


^ 


^ 


— 


_ 


— 


+ 


+ 


+ 


Curyotiuie 


100 


100 





200 


100 


lOO 


100 


200 


200 


300 


300 


300 


200 


too 


100 


600 


1000 


900 




+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


— 




^ 


Sam •- A 


600 


1700 


6400 


1 1 300 


12000 


1 1 400 


13700 


17000 


20500 


20900 


19600 


20000 


1 2340 


4690 


690 


9030 


17860 


20500 


/i X A 


O'O 


+ 0'l 


+ o'4 


+ 0-8 


+ I-I 


+ I'2 


+ 1*6 


+ 3'1 


+ 2'6 


+ 2*7 


+ »-5 


+ a*3 


+ 1*3 


+ 0-4 


+ o'i 


-0-5 


-06 


-0'2 


/jx A 


+ 0-I 


+ 0'2 


+ 0-7 


+ 1*2 


+ I-I 


+ 0-8 


+ 0-8 


+ o'6 


+ 0'2 


+ 0'2 


+ o'6 


+ 1-1 


+ 0-9 


+ o'4 


+ OM 


— 1*1 


-3*2 


-2*6 



WALTAIR. 
Beight dbwe Mean Sea Level = aoo feet. 

of Compartmente in feet woA CaleulAtion of Deflectioii of Plamb-line. 



75 



South Side. 



8KGT0B8 






B. ai. a 




aw. 


W. 


Radii of AudhH 


 •■•■•< 








t 


wf HOP MOP latf 


140* 


160" 


100* 


170P 


180* 190P 


«Xf 


210P 


890* 


880^ 


Mf 


250* 


2eo* 


270P 




MP lOQP 


HOP 


IMP 18(f 


140P 


IBOP 


leop 


17(f IBO* 


190* 


200P 


810^ 


220* 


asop 


240P 


860* 


2G0* 


• 


ri 


















aoo 


aoo 


















Miles 
©•125 


MUei 




















aoo 

loJ 


aoo 

100 


1 


 














0'2S 

0-5 


0*125 
o«5 












« 






100 


too 


f 
















t 


0*5 


«> 


40 


40 


4D 


40 


90 


80 


90 


20 

* 


20 


10 





SO 


100 


aoo 


aoo 


aoo 


aoo 


i 


I 


70 


ao 


70 


70 


70 


90 


90 


50 


60 


40 


90 


9f> 


90 


100 


aoo 


aoo 


aoo 


aoo 


4 


t 


too 


130 


i40 


120 


100 


90 


ao 


70 


60 


60 


40 


90 


90 


100 


aoo 


30b 


40D 


500 


8 


4 


200 


2SQ 


900 


900 


950 


900 


200 


150 


100 


100 


60 


40 





100 


aoo 


40b 


500 


600 


16 


8 


soo 


900 


400 


400 


600 


400 


400 


400 


900 


900 


900 


200 


100 


60 


100 


500 


800 


1100 


3« 


16 


eoo 


800 


aoo 


900 


900 


900 


aoo 


700 


600 


600 


400 


900 


200 


150 


10 


800 


1400 


1700 


64 


3t 


tiooo 


9000 


2000 


9000 


9000 


9000 


2000 


2000 


1000 


1000 


800 


600 


900 


20 


10 


300 


looJ 


aooo 


ia8 


64 


0000 


6500 


5000 


6500 


6500 


6000 


6000 


5000 


4000 


4000 


9000 


9000 


1000 


4O0 


ao 


400 


600 


1000 


356 


ia8 


600(. 


6500 


5500 


6000 


9000 


eodo 


6500 


6500 


6900 


6500 


7000 


9000 


600 


1800 


1500 


1700 


1300 


1500 


5" 


356 


lOOC 


1500 


9000 


4000 


5000 


9500 


7000 


7000 


7000 


5000 





1000 





700 


800 


1000 


1200 


1700 


ioa4 


51a 





1000 











9000 


9000 


7000 


6000 


9000 


7000 


5000 


6000 


7000 


8000 


8000 


8000 


7000 


2048 


ioa4 


sooo 


1000 














9000 


8000 


6000 


5000 


8000 


7000 


7000 


6000 


6000 


8000 


2000 


1000 


Beyond 


aifio 


20700 


19850 


aa93o 


24^ 


27880 


41670 


39490 


33«30 


33t«o 


29140 


21690 


17690 


14730 


14980 


14800 


7400 


1500 


8nm -> 3000 


+ 


+ 








+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


Oorreotion for 


«oo 


100 











100 


I aoo 


IIOO 


700 


800 


1100 


900 


900 


800 


900 


IIO« 


400 


100 


Oiuratnre 


aijao 


ao6oo 


19850 


aa930 


34060 


27780 


40470 


38390 


3«530 


3^310 


28040 


20790 


16790 


'3930 


14080 


13700 


7000 


1400 


Sum* A 


— o*a 


-0-7 


— I'l 


-1-7 


-a*a 


-a-9 


-47 


-4-8 


-4a 


-4a 


-3*5 


-a-4 


-1-8 


-1-3 


-i-o 


-o*8 


-o*a 


o*o 


/, X A 


-a-8 


-a-* 


-a-3 


-a-4 


— a'a 


— a'l 


-a'a 


-«'3 


-0-4 


-0-4 


-09 


-i*i 


-I'a 


-i'3 


-i-s 


-1-6 


-0-9 


— o«a 


/, X A 



Deflection in Meridian = S — N = — 5S^'6 

Do. Prime Vertical = W - B = + 17 -5 



76 CALCUTTA. 

Seight above Mean Sea Level = 30 feet 

Heights of Compartments in feet and Calculation of Deflection of Plumb-line. 
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The following resulta have been abstracted from the preceding tables : — 

TABLE I. 
Calculated Values of the Deflection of the Plumb-line. 



Btatlon 


Deflection 


In Ihe Meridian 


In the Prime 

Vertical 
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Af 


Mussooree ... 


-73*5 


-4I-I 
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Eali&npur ... 
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+ i7'5 


Calcutta ,.« ••• 


-44-6 


+ 0-8 


Beyond-Quetta 


-31 '9 


• 

— 11*9 



A negative value denotes a northerly deflection in the meridian and an easterly deflection 
in the prime vertical. 



The Disturbance of the 8ea*level. 

If large deflections of the plumb-line exists they will necessarily be accompanied by consi- 
derable deformations of the level-surface : the heights of mountains and continents and the depths 
of seas employed as data in the preceding calculations are measured from the surface of the 
geoid^ and consequently require a correction^ if the true effect on the plumb-line of the irregular 
distributions of matter upon the surface of the ellipsoid of reference is to be deduced. 

It is not possible to determine these corrections with exactitude^ but a rough approximation 
can be obtained by means of Colonel darkens formulae for a circular plateau. 
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Y, = 4^ X 8960 X HS3 

Y = 14 X 8960 X mi 
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Thirdly, we can assume the 
of 15000 feet. 



From these approximate fig 
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If the above figures be accepted as indicating the disturbances of the sea-level^ the correc- 
tions to the calculated values of the deflections in the meridian will be as follows^ : — 



TABLE IL 

Corrections to calculated values of deflections in the meridian on account of disturbance 
of sea-leveL 



station 


Corrections to 

Calculated Values 

of Deflections 
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* The oalouLations of these corrections are as f oUows :— 

Deflection - ^T^^ — - 1^-44 x |^ x -JL. x (sin o' - sin aj x log. -^ 



- '00107 X H (in feet) x (sin a' - sin aj x log. — 



JftM«oorM oiu} D0^ra 2>i^ 



- •00107 [ 889 sin 90° log. 8 -»- 889 sin 46Mog« 3 -f 600 X 2 sin 90" log. 8 
•l-BOO X 2 sin 10*" log. 2 ^ 1200 x 2 sin 90° log. 2 j - '• 8*9 



It is not proposed to appl^ tbe correct 
I in Table I on page 80. The quanl 
thesis of density J from knovm heights 
that can be estimated, the deflectioni 
been derived from speculative data, a 
iCtionSj bat as indications of the possible 
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 ■00107{61G«iiiB(f log,S + «CO x S nn BCT log, 

XaUSnpmr 

- -OOlOr^rOOiinBiyiDg, S + EOOiingO' 
+ 850 X S (in 10^ log, 
Dimtirgffa 

 •00107{aoO lis 8(f log. I + tfO K S nn Etf* log, 
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of the discrepancies^ that it is reasonable to expect between calculated and observed results^ 
if the disturbance of the sea-level is omitted from consideration. 



Geological Considerations. 

It is desirable to ascertain whether corrections should be applied to the calculated values of 
the deflections (page 80) on account of the differences in the rocks that constitute the surface 
of India. Rough approximations may be obtained by dividing India into four geological areas 
(Chart No. 8) :— 

First area. The Himalaya Mountains^ and the plateaux of Afghanistan and Tibet. This 
area is uncolored on Chart No. 8 and lies to the north of the vellow area. 

Second area. The Indo-Qangetic Alluvium^ forming the plains of Northern India from 
Longitude ^7^ to Longitude 92^, extending southwards to the parallel of 26° in the centre of 
India^ to 24° on the west, and to 22° on the east. This area is colored yellow on Chart No. 8. 

Third area. The Deccan Trap, which constitutes the surface of Western India from Latitude 
16° to Latitude 25°, extending inland to the meridian of 79°. This area is colored red on Chart 
No. 8. 

Fourth area. The great area of gneiss, that separates the trap from the alluvium in Gujarat 
and Bundelkhand and forms the whole of Eastern and Southern India. This area is left uncolored 
on Chart No. 8. 

Mr. Oriesbach's value for the mean density of Himalayan rocks is 2*65 and for Deccan 
Trap 2*95. The specific gravity of dry sand is 14, and of wet sand possibly 20. As water is 
found even in the desert at lesser depths than 500 feet, the density of the Indo-Gangetic Alluvium 
to a depth of 2000 feet may be taken to be 20. 

The mean density of the surface of India may be estimated as follows :— 

Region Density No. of square 

degrees in area 

( 1) . Himalayas, Afghanistan, Tibet, ... ... 2 * 65 200 

(2). Indo-Gangetic Alluvium, ... ... 2-00 112 

(8). Deccan Trap, ... ... ... 2-95 40 

(4). The Gneiss area of Eastern and Southern ludia, 2*65 102 

,;r i! J x J! T J- 302 X 2-65 -f 112 x 200 + 40 x 295 

Mean surface density of India = ^jr^ ,,^ . .^ = 2*51. 

Though the mean surface density is 2*51 > we may regard 2*65, which is the surface density 
of two-thirds of our whole area, as the normal surface density, and we may look upon the alluvium 
and trap as local deviations from the normal. We can calculate the effect of these local devia- 
tions, and show the corrections, that might be applied to the values of the deflections in Table I 
(page 80) on account of the existence of these areas of abnormal density. 



CoTTections to the calculated values o£ deflections in the meridian on 

p*. 







] 




On iccount of 
tUuTium 


On Mcount of 
Tnp 


Total 




Mitssooree 

Dehra Dun 

Kaliana 

Kaliinpur 

Ddroargida 

Punnse 

Bombay 

Maogalore 

Madras 

Waltair 

Calcutta 


-1-04 
-I -04 
-0-05 
+ 0-39 
+ 018 
+ 0-05 
+ 016 

+ 0-II 

+ oia 
+ o-i6 
+ 0-89 


+ 0-23 

+ o*2a 
+ 0-31 
+ 1-52 

-083 

— 012 

— 0'30 
-0-50 
-0-23 

-o-o8 

+ 0-02 


-0-8 
-0-8 
+ 0-3 
+ 1-9 
-0-7 

— O'l 

o-o 
-0-4 
— o-i 

+ 0-1 

+ 0-9 





rha aJliiTiiim hu beta usumed to bs 2000 f«el deep along ita central line and the Him 
irth and aouth hsTs been asBumed to alope uniformly downwards under tlie alluriun: 
vbabilit; the depth of tlie alliinum ii greater tbui 2000 feet, and tbs elopea of the r 

the OeologT oF India (page 271) Mr. R. D. Oldham referrinft to Deccan Trap writeg 
e eipoaed on the flanks of Uatheran Uill and a still greater thiekneis farther to I 
li£t and close tu the Qreat Indian Peninsula Railway line between Bombay and Poons. I 
' the loweat strata, eiiKiaed at tlie base of the hills, are above the bottom of the auriei 
re seen. Owing to the numerous breaks in the section, it is difficult, without cloai 
I been made, to eetimalo the prociae thickness of the rocka dipping to the westward nee 

dip at 5", the whule thickncM would be nearly TOOO feet. This ia a nuiiimum es 
f higher and the thickness consequently greater. From 1200 to lEOO feet of rock are < 

it is erident that tlio lowest beds seen on the island are higher in the aeriea than ll 
■i MounCnins lo the eastward, although aome of the hieher portions of the range aro 40 
le ares colored red on Chart No. 6 haa been assumed to be 4000 feet thick. Tlie 
>n ia recognieed: it is not poasible to determine from it the actual effect of Deccai 
leans of ealcDlatioiis to form an idea oa to whether the exiatence of the 'trap ia of impo 



IB formula it 



Deflection - !!'■** k (-^') » g^ ("in o" - «in"i> log, — 
- 0*002866 X (^^') 1 h (in feet) x {iii 
irlMM S — 2'6S, A » 0-7) >] — 2-00 for aUuTiiim and 2'9G toi trap. 
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It is not proposed to apply the corrections shown in Table III to the values of the deflections 
given in Table I on page 80. The results in Table III are based on mere speculations as to 
the depths of the alluvium and trap^ and must be regarded as indications of the magnitude of the 
discrepancies^ that it is reasonable to expect between calculated and observed results^ if geological 
considerations are overlooked. 



Th^ effect of the Deccan Trap on the plumb-line at Kalianpur. 

The persistence of the negative sign in the last column of Table III is significant : it means 
that the geological conditions tend to produce a more southerly deflection at Kalianpur than at any 
other station^ and if we examine the third column of Table III we see that the Deccan Trap 
exercises a strong influence at Kalianpur. Chart No. 8 shows that Kalianpur is situated at the 
north-east comer of the red or trappean area^ and the following questions at once occur : Can 
this trappean area be causing the southerly and westerly deflections at Kalidnpur^ which Walker 
and Strahan have deduced (page 4) from the observations of all India? Can this area of trap be 
causing a southerly deflection at all the stations of Lenox Conyngham's group ? Can the Deccan 
Trap be the hidden cause of the '^ Mean of India ^^ system of deflections (page 40) and of the 
excess of negative values of (O — C) in India (page 4) ? 

Assuming the trap to have an uniform depth of 4000 feet^ we can calculate its effect on 
the stations of Lenox Conyngham^s group^. 

The results of a calculation are as follows : — 



Station and 
dlBtanoe from Kalffinpur 


Deflection due 
to Trap 


Difference from 
Eali&npur 


Dai&dhari ... 85 miles north 




+ o-8o 


Surant&l ... 8 miles north 


+ 1-69 


+o*in 


Kali&npur ... 


+ 1-57 


••f 


K&mkhera ... 9 miles south 


+ 1-49 


— o-o8 


Ahmadpur ... 85 miles south 


+ 1-1*6 


-o'3i 



Dfihra I>4n and MuBsooree, 



AUuTium 



- 0"'002866 X 



Inp 



2*65 - 200 
6-7 



K 1000 X f2sin40P0og.-^ + log. 8)] - -1-04 



+ 0»*002866 X ^ ^^ f P° X 4000 x lin 80* x log, f - + 0-22 



6-7 



Total - - 0-8 



* This effect largely depends on whether the trap ends abruptly or gradually, and whether at its junction with the 
surrounding gneiss it underlies or oyerlies the latter. Our uncertainty on these points renders it impossible for us to 
make even an approximate estimate of the deflections at stations situated on the 7ery border of the trap. 
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These rerolts^ bMed thotigh they are on k ipecnlative hypothesis of depths suffice to show^ 
that astronomical observations taken at a group of stations^ situated in one comer of an area of 
trap^ do not in their mean give an absolute value of latitude^ more reliable or more free from 
local attraction than observations at the central station only. In such a situation a group is 
futile : it not only fails to eliminate the effects of local attraction, but it fails to warn us 6f the 
existence of local attraction. 

Assuming a depth of 4000 feet ire have shown that the trappean area may produce a southerly 
deflection at Kali&npur of 1^*57: if we assume a depth of 6000 feet^ the resulting southerly 
deflection will theoretically be 2^*^*86 : and if the depth is taken as 1000 feet^ the theoretical 
deflection will be 0'''89. We can perhaps test the actual effects of the trap in the following 
way : — observations for latitude have been ^ken at every 40^ 50 or 60 miles on the meridians 
of 74^^ 75^^ 7GP and 77^ from north to south across the trap. If this trappean mass is exercising 
a paramount effect, the observations at stations on the northern, edge of the area should indicate 
a southerly deflection in the meridian, at stations on the southern edge a northerly deflection, and 
at stations in the heart of the trap no deflection. From the table following page 14, we abstract 
the following apparent values of deflections in the meridian : — 

At stations near the northern edge of the Trap : 

Daifidhari + 1^-011 

Gurdria -0-79 i-Mean - r-2 

AramUa - 4 •QSj 

At stations near the central parallel of the Trap : 

Col&ba 

Valvidi 

Kanhcri - 9 '12 ^ Mean - 8^*0 

Badgaon 

Voi 

At stations neav the southern edge of the Trap : 

Majala - 1^'68T 

Kodangal — 8 *92j 

These quantities are differential, and are affected by a constant error equal in amount tie 
the deflection caused by the trap at Kalttnpur : bat whatever southerly deflection we assume to 
exist at Kaliinpur, the broad fact remains that a belt of maidmum northerly deflections crosses the 
centre of the trappean area from west to east. Over the heart of the trap, where theory places the 
minimum deflections, we find the maximum values : and along the southern edge of the trap, where 
theory places the maximum, northerly deflectione, we find the values to be considerably less thaa 
those of the central parallel : though therefore the calculations have shown that the re^ttlts ol 
the Kali&npur group may have been vitiated by the presence of the trap, yet the latitude observa- 
tions taken throughout the trappean area give no confirmation to the theory. 

The belt of maximum values, that crosses the heart of the trap from we^ te easit^ denotes 
either that the depth of the northern portion of the trap is many miles in excess of that 
of the southern, or that the effect of the trap, whatever it may be, is masked hy move powerful 
influences. 
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The northern positive zone and the Indo-Gangetic Alluvium. 



The surface of the rocky area to the south of the Indo-Gangetic alluvium is higher hj 
1000 feet^ than that of the alluvium itself. This superior elevation tends to produce southerly 
deflections along the southern border of the alluvium. 

Table III on page 85 shows that the defective density of the alluvium^ apart from any 
question of height^ may cause a southerly deflection at Kalianpur of 0'''39 : Kalian pur is 150 miles 
south of the alluvium, and the effects of the latter's inferior elevation and defective density will 
gradually increase as its southern edge is approached from Kalianpur : the alluvium will therefore 
tend to produce a zone of positive values of (O — C) in latitude over the area, where the northern 
positive zone actually exists (Chart No. 6) . Can the northern positive zone, described on page 14, 
be due then to the Indo-Gangetic alluvium ? Thef following are the calculated effects on the 
plumb-line of this alluvium : — 





Southerly Deflections due to the alluTium 


Difference 

from 
KalUnpur 


On account of 
Inferior Elevation 


On account of 
Defeotiye Density 


Total 


At Ealilinpur 

At 50 miles north of Kali&npur 

At 100 miles north of Eali&npur . . . 

At 150 miles north of Eali&npur . . . 

At 200 miles north of Kali&npur ... 


+ i'3 

+ 1-4 
+ 1-6 

+ 1-4 
+ 0-6 


// 
+ 0-4 

+ C-5 

+ 0-6 

+ 1-7 

+ 1-6 


+ 1-7 
+ i'9 


« 

• • 1 

+ o*a 
+ 0-5 

+ 1-4 

+ o'5 


Mean 


+ 0-7 



The mean value of (O — C) in latitude,^ derived from actual observations, within the 
northern positive zone is -f l'''-04 ^page 21). It is clear then that in the Indo-Gangetic alluvium 
we have found a possible cause of the northern positive zone. Whether it is the actual cause, we 
cannot decide, until we have arrived at more definite conclusions on collateral questions : so long 
as we hold that deflections at coast stations are towards the ocean, we shall not be able to accept 
any hypothesis denying the existence of deflections towards the alluvium : the Indo-Gangetic 
alluvium fills a deep and wide channel, that was possibly once a branch of the ocean : we cannot 
at one moment assume the ocean to be compensated by underlying strata of excessive density, and 
at another moment assume the alluvium to be uncompensated. We cannot apply contradictory 
theories to difierent data : we must classify our results^ and treat them from one standpoint 
as parts of one whole. 

Dehra Diin: 
October 1901. 



* South of Bengal the rocky area attains eleyations 2000 feet above the aUayiam. 
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Results of Calculation. 



The differences between the calculated values of the deflections at the several stations and 
that at Kali&npur are given in Table V. 

TABLE V. 



Station 


Calculated 

Deflection in the 

Meridian from 

Table I. (p. 80) s 8 


Calculated 

Deflection at 

Eali&npur - E 


Diifennce — 8-eI 


Mussooree 

DebraDuu «,. 
Kali&na ••« ... 
Kali&npur... 
D&mar^da 
PunD» ..« 
Bombay •«. .». 
Mangalore 

Madras ,,. «.. 
Waltair ... 
Calcutta ... 


-73^5 

-73** 

-47-3 
-376 

-38 -I 

-503 
—41-0 

-41-8 

-395 

-55'^ 
-44-6 


Vo 
1 


-35*9 
-35-6 

- 9*7 

• • • 

- 0-5 
— ia*7 

- 3'4 

- 4'a 

~ 1-9 
— iS-o 

- 7*o 



The results in Table Y show that the calculated value of the deflection at EaU&npur is 
less than at any other station^ and that apparent northerly deflections and negative values of 
(A— G) IB latitude may consequently be expected to preponderate in every part of India (page 7), 



Goinparison of results of Calculation and Observation* 

The comparison between the results of calculation and observation is made in Table YI. 

TABLE VI* 







Calculated Deflecttom 
in the meridian from 


I 




Station 




Table V 


(A*G) in Laiihide 
IvomXabloIY 


Discrepancy 

between calculation 

and observation 


Other Stations 






Eall£npnr 


 




Mussooree 




-35' 9 


4f 

-37* I 


4f 

4- 1% 


Dehra Dun 




~35'6 


-37'« 


4- 1-6 


KaMna ... 




- 9'7 


— 7*o 


— a'7 


Kali&npur.,» 




• • • 


• • • 


. • • 


D&margida 




- 05 


— a*7 


+■ »•» 


Punnae ,., 




— ia"7 


+ 1*9 


— 14-6 


Bombay ... 




- 3'4 


— ID'S 


+ 7-a 


Mangal(»e 




— 4'% 


+ ^-8 


— 7*o 


Madras ..• 




— 1-9 


4- 5'6 


I f:j 


Waltair ... 




-i8-o 


— 9"a 


Calcutta . . . 




— 7*o 


+ 0-7 


- 7-7 



Vhev conflidering tlie discrepancies betweea calculation and olMervi 
!it the calculated values given ia the second column of Table VI 
surface to mean density, and that the observed values given in the 
based on an astutaed ellipsoid of reference. 



Uncertainties arising from the adopted ratio of der 

D Table VII are given the calculated values of the deflections on c 
I of surface to mean density. 



92 



Uncertainties due to the Ellipsoid of reference. 



In Table VIII are given the observed values of the deflections^ as deduced from different 
Ellipsoids of reference. 

TABLE VIII. 





Observed DeflcctioiiB in tlie Meridian = (A — G) in latitude 


On the Everest 
Spheroid 


On tlie Clarke 
Spheroid 


On a third 
Spheroid 


Major axis in feet 

Ellipticit'j 


20, 922, 932 

1 


20, 926, 202 
1 


20, 926, 202 
1 


800-80 


293-47 


800-80 


Mussooree ... 
Dehra Dun ... 

Kaliana 

Kali&npur ... 
D&margida ... 
Punnae 


If 

-37-1 

-37-a 
— 7'0 

... 

— 2*7 

+ 1*9 


-35-8 
-36-2 

— 6*2 

• . . 

- 3'3 

4- 1-2 


-335 

-33-6 

- 39 

... 

— 6-2 

— 7*2 


Bombay 

Man galore ... 
Madras 

Waltair 

Calcutta 


— io'6 
+ 2-8 
+ 3-6 

— 9'2 

-f 0-7 


— II*I 
+ 2-1 
+ 2-9 

^ 9-8 

+ 0-4 


-13-6 

- 3*6 

— 2*7 
-12-8 

— 0'2 



It is interesting to see from this Table that the adoption of the third spheroid would convert 
the positive value of (A — G) that now exists at Punnae into a large negative value and would 
consequently eliminate the southern positive zone (page 20). 



Degree of Uncertainty attaching to the comparison of calculated and 

observed values. 

Tables VII and VIII show the dejrree of uncertainty attaching to the figures of Table VI. 
The comparison between the results of calculation and observation^ as made in Table VI> ia 
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repeated in Table IX on nine different hypotheses^ each value of the density-ratio assumed in 
Table VII being successively combined witii each of the three ellipsoids of Table VIII. In 
Table IX a negative discrepancy implies that the calculated value of the deflection is larger than 
the observed. 

TABLE IX. 





Discrepancies between restilts (Calculated — Observed) 


Ererest Spheroid 


Clarke Spheroid 


Third Spheroid 


Density -Batio 


1 
20 


1 

2 a 


1 

2 4 


1 

8 


1 


1 

2-4 


1 
2-0 


1 
2:2 


2?4 






n 


if 


r/ 


» 


// 


tt 


tt 


// 


// 


Mussooree 


— 


a-4 


+ 1'% 


+ 4'^ 


- 3'7 


— o-i 


+ 2*9 


— 6-0 


- a-4 


4- 0-6 


Dehra Dun 


— 


a-o 


+ 1*6 


+ 4*6 


- 3"° 


4- 0-6 


4- y^ 


- 5-6 


— a'o 


+ I"0- 


Ksliana 


— 


3"7 


— 2'^ 


- 1-9 


- 4-5 


- 35 


— 2'7 


- 6-8 


- 5-8 


- 5'o 


Kalianpur 




• • • 


• • t 


 • • 


• • • 


 •  


• • « 


• • • 


• • • 


 • • 


Damargida 


+ 


2-1 


H- a- a 


+ i-i 


+ 2-7 


+ a-8 


4- 2-8 


+ 5-6 


4- 5-7 


+ 5-7 


PunnsB • 


— 


159 


— 14-6 


-135 


-15-2 


-139 


-12-8 


- 6-8 - S^^ 


- 4*4 


Bombay 


•f 


6*9 


4- 7-2 


+ 7-5 


+ 7*4 


+ 7-7 


+ 8-0 


4- 9-9 


4- 10 -2 


+ 10-5 


Mangalore 




7-4 


— 7*0 


- 6-6 


— 6*7 


- <5-3 


- 5-9 


— i-o 


— 0'6 


— 0"3 


Madras 


— 


5-7 


- 5^5 


- 5-3 


- 5'o 


- 4-8 

1 


- 4-6 


+ 0-6 


4- 0-8 


+ I'O 


Waltair 


— 


io*6 


- 8-8 


- 7-3 


— lO'O 


^ 8-2 


— 6'7 


— 7'o 


- 5-a 


- 3-7 


Calcutta 


— 


8-4 


- 7*7 


- 7-1 


- 8-1 


- 7-4 


- 6-8 


- 7-5 


- 6-8 


— 6*a 


Mean discrepancy 


— 


4*7 


- 3-4 


- a'3 


- 4-6 


- 3-3 


— 2*2 


- ^'S 


— 1-2 


— O'l 



The discrepancies, exhibited in Table IX, between calculated and observed results are 
neither large nor persistent in sign, and neither require nor support in themselves the theory of 
uniform compensation. But their smallness is possibly unreal and nnsleading : the atlraction of the 
Himalayas and the repulsion of the Ocean, if uncompensated, conspire to produce large hut parallel 
deflections in the meridian throughout India. Comparisons cannot be made between calculated 
and observed values of absolute deflections : w^e have to be content with comparing the calculated 
dijferences of deflections from Kalianpur with the observed differences \ observed differences of 
deflections are almost always small in all parts of the world and calculated differences will be 
rendered small, if the active forces tend to produce parallel deflections. We cannot thus attach 
great weight to an accordance between calculated and observed values of small meridional deflec- 
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tions in India: Table TX shows in fact an absence of discordance rather than an existence of 
accordance; it shows that the theory of Himalayan compensation must depend for its support on 
the results of longitude and pendulum observations and not on discrepancies in latitude. 

It must however be admitted that the agreement at Dehra Dun and Mussooree is note- 
worthy : nature rarely exhibits great deflections on tlie earth's surface^ and that great deflections 
should be found in accordance with the laws of gravitation^ is a remarkable and significant f act. 



Analysis of the Calculated Values. 

We have so far been dealing with the total values of the deflectionfi, as calculated^ without 
examining their composition : it will, however, facilitate future investigation, if we analyse the 
total values and ascribe the due component parts to the respective sources of attraction. The 
heights of tlue compartments have been entered in the Tables (pages 56 to 79) in different types : 
Himalayan and Oceanic areas are thus easily identified : the heights of Continental India and 
Further Asia are given in a like type, but as a great difference of elevation occurs at the 
boundary between Afghanistan and the Punjab, their dividing line on the Tables is easily followed. 
The deflections dne respectively to the Himalaya Mountains, the Indian Ocean, Continental India^ 
and Further Asia have been calculated and are given in Table X. 

TABLE X. 

Deflections due to the Himalayas, the Ocean, Continental India and Further Asia at points 
«n the sea-level vertically below stations of observation. 



Btationfl 


Deflections due to 


Total 
DeflecUins 


Himalayas 


Ocean 


India 


Further Asia 


Mussooree ... 

Dehra Dun ... 

Kalidna 

Ealidnpur ... 

Ddmargida ... 

Punnae 

Bombay 

Mangalore ... 

Madras 

Waltair 

Calcutta 


-64-9 

— 72-2 
-36-2 
-18-4 i 

— lO'O 

- 3-4 

- 7*9 

- 4-9 

- 6-8 

— II'O 

-^3'3 


-10-3 
-10-3 

— H'O 

-19-4 

— 26'a, 
-37-6 

— 29*6 
-38-6 
-aS'o 

-33*0 
-19-9 


+ 5-0 
+ 12-6 

+ 1-9 
+ 3"! 

+ O'l 

- 8-7 

- i'3 

- <S'3 

- 5'6 

- io*9 

- 0-4 


- 3'3 

- 33 

— 2*0 

— 2*9 

— 2*0 

— 0*6 

— 2-2 

— 2*0 

— 1*1 

— o'7 

— i*o 


-73-5 

—73 a 

—47*3 
—37 -6 

—38-1 

-50-3 
— 41*0 

—41-8 

—39-5 
— 55-<5 
_44-6 



Chart No. 10 wa 
compensated effects 
iia OQ tbe plnmb-Une 

The effect of thf 
sets on the plnmb-Ii 

k-irater. 



Mouooree 
DebraDdn 

^I Cn.^i^^.^^ft 

Kali&npor 

Dtimarglda 

PuniUB 

Bomhay 

Mang^alore 

Madraa 

Waltair 

Calcutta 



Dehra D&t: 
October X901. 
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PART VI.' 



Comparison of calculated with observed values of Deflections 

in the Prime Vertical. 



In Table XII are shown the discrepancies between the calculated and obaerred valuea of 
the deflections in the prime vertical. * 

TABLE XII. 



etaUoi 


Absolute 

Calculated 

Values from 

Table I 


Calculated 

Defleclion in 

the Prime 

Vertical 


(A-G) 

in Longitude 
X cos^ 


(A-G) 

in Aaimuth 
X oot^ 


Diierepancy 

between 
oalottlation 

and 
obserration 


Other Stations 








Ealf&npur 












«r 


» 


if 


m 


m 


Mussooree 




... -41*1 


-.3a'6 


... 


— a6'o 


- 6-6 


Dehra Dun 




... -38-6 


— 30-1 


— aa-i 


-23-0 


- 8-0 


Eali&na 




-ao*3 


-II-8 


••• 


- 4.4 


- 7-4 


Eali&npur 




... - 8-5 - 


... 


... 


... 


... 


D&margida 




... - 3-8 


+ 4-7 


... 


- 9-8 


+ 145 


Punned 




... + 0-7 


+ 9*a 


- 1-8 




+ II-0 


Bombay 




-ao'3 


-11-8 


+ 6-4 




-i8a 


Mangalore 




— aa'a 


-13.7 


-f- i'9 




-15-6 


Madras 




+ ai*o 


+ 29-5 


- 7-0 




+36-5 


Waltair 




... +17-5 


+ a6'o 


- 31 


• •• 


+ 39*1 


Calcutta 




+ 0-8 


+ 9-3 


— 10*1 




+ I9'4 



It is clear^ that the discrepancies in the prime vertical, with which we have now to deal« 
are more serious than those of the meridian (in Part V). The observations at all stations except* 
ing Mussooree, Dehra Dun and Kali&na now give a deflection in the oppoiiie direction to tn^t 
which the theory of gravitation requires. 
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The trans-continental Arcs of India. 
The details of thzee arcs of longitode that cross India from east to vest are gireii in 

lexm. 

TABLE XIII. 





InLititade 


-A 


SeeoQdj of 

GeodetioTftlue 

-G 


Ob>e[T«d deflecUont 1 
- (A - 0) J 


Ak of LoBgitvda 


On the 

Kverett 
Spheroid 


On the 
Clarke 

Spheroid 


iritiar-MooUan 
iltau^Bombay ... 
idrM-Mangalore 


31 

18 

13 


m t 
13 44-385 

43 0-390 
41 3«-i57 


t 

43*737 
0-961 

36-775 


+ 8-32 
— lO'Ofi 

- 9-37 


+ 10-43 

- 3-8-4 

- 6-15 



A negative value of (A—O) denotes outward deflectioos at the termio^ o£ an arc, a 
tive value inward deflectionB. Amritsar and Mooltan are in the plains of the Punjab, (Chart 
11 ) : the Himalayas rise BO miles east o£ Amritaar, the Baluchistan plateau rises 70 milea 
; of Mooltan : there are thus mountaiii masses on the outer flanks of the- turo; terminals o£ 
arc : the ground that intervenes between Amritsar and Mooltan is the low-ljiu^ alliLviiuik. 
astronomical value of the arc is greater than the geodetic, and the plumh-lines. aceapparent^ 
efiectcd inwards, from the hills toward* the alluviam. 

Madras and Mangalore are on the coast (Chart No. II) and » high pratosa i'ntervenea-L 
astronomical value of this arc is imaller than the geodetic^ uid the plumb-lines ose appaieut^ 
eflected oulwardt, from the plateau towards the ocean. 

Waltair and Bombay are on the coast (Chart No. S)-: the astronomical value (^ the- 
Itair-Bombay arc ia lett than the geodetic, and the plumb-lioea ace appaceotl; deflected sea^ 
is. 

It will be seen from Table XIII that no modiflcation of the elG'peeuA ef lef&rence will] 

luce accordance between astronomical and geodetic values: if we adopt the- Clarke- q>heroid to> 

the southern arcs, we increase the value of (A — G) at Amritsar and MooUaa; if we- 

irmine a spheroid to flt the northern arc, we And ourselves confronted wilh. enhanced discre-^ 

:iei on the southern. 

On the three tranB-continentfd area the plumb-lines are thus deflected, in. the opposite? 
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direction to that^ which the theory of gravitation wonld lead us to expect : in the following 
table are given the actual numerical discrepancies between the results of calculation ana 
observation. 

TABLE XIV. 

A negative value denotes outward deflections at the terminals of an are, a positive value 
tnward deflections. 



Am of Longxtndo 


Difference between the ^Astronomical and 
Oeodetio Talnes of the arcs 


•Pieeropaiioy 


As deduced theoretically 

by calculating the attractive 

effects of masses 


As derived 

practically from 

observation 


Amritsar-Mooltan ... 
W altair-Bombay ... 
Madras-Man galore . . . 


if 

— ao* 
+ 39'6 

+44-7 


— io*o6 
- 9-27 


+49 
+53 



On each arc the results of observation favour a theory of entire compensation. 



Dehra DUn : 
November 1901, 



* Estimated. 



It is inferred that 



The 

The longitade obserrat 
(V^altair, Madras and Mangalo 
ind Waltair, aod southerly at 
lirections of deflections at the 



Bombay 
Waltair 
Madras... 
MsDgalore 
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The restdtant deflection at Bombay is towards the N.N.W.^ that at Waltair towards the 
N.N.E., that at Madras E.S.E. and that at Mangalore S.S. W. At each comer of the quadrilateral 
the plumb-line is being pulled diagonally outwards. The deflection at Madras is towards the 
deepest part of the Bay of Bengal^ that at Mangalore towards the Laccadive coral-reefs. The 
deflection at Bombay is towards the shallows of the Gulf of Cambay, and the land of Kathiawar. 
The resultant deflection at Waltair is towards the Orissa Coast and the shoals at the mouths of 
the Ganges. If the seaward deflections of the plumb-line in the prime vertical are really due 
to the contraction and condensation of the strata under the bed of the Ocean^ and to the attrac- 
tion of this excess of submarine matter^ a seaward deflection should also be perceptible to observ- 
ation in the meridian. If the depths of the Arabian Sea and Bay of Bengal are the centres of 
attraction^ the plumb-lines at Bombay and Waltair should be deflected respectively towards the 
S.W. and S.E. On the other hand, if continental India produces the great northerly deflections, 
that have been observed in the meridian at Bombay and Waltair, the same continental India 
should cause landward deflections in the prime vertical. The testimony is in fact conflictiog, 
and one cannot but infer the existence of an additional and undiscovered source of error or 
attraction which is masking the true effects of ocean and continent. Diagonal outward deflections 
tend to throw suspicion on the adopted ellipsoid of reference. 

The Conflict of Evidence. 

In Part IV attention was drawpt to the contradictory, effects of mountains and seas (p. 47). 
In Parts V and VI we found ourselves confronted with further contradictions : an examination 
of the tables of Part V led to the conclusion, that the Himalaya Mountains and the Indian Ocean 
were not compensated to any considerable extent : the numerical results of the tables of Part 
VI justifled the inference, that the Himalaya Mountains and the Indian Ocean were wholly com- 
pensated. The results of the latitude observations at Bombay, Waltair, Dehra Dun, Mussooree, 
Nojli, etc., seemed to denote an absence of compensation : the results of the longitude observations 
at Amritsar, Mooltan, Bombay, Waltair, etc., appeared to show that the compensation was every- 
where entire. Whether the theory of uniform compensation be correct, or incorrect, there should 
be no direct conflicts of testimony : the true inferences to be drawn from the contradictions in the 
evidence are, that there is ap undiscovered cause at work affecting our numerical results, and that 
the theory of compensation is not in itself sufficient to account for the observed phenomena. 



la the following table the eridenee is aammarised. 
TABLE XVI. 
BDUMABT OF AVAILABLE BTIDGNOE. 







tiuumfd to bo 








i 


(1) 


Persistence of the negative 
sign in the values of 
(A — G) in latitude be- 
tween the paralleU of 
14" and 24°. 


The plumb-line is deflected 
to the north throughout 
India by the attraction 
of the Himalayas and 
the repulsion of the 
Oceui, their combined 
effect being a minimnm 
at Kalianpur. 


The plumb-line at Kall- 
^npiir is deflected to 
the- south aud thus 
all geodetic latitudes 
are too large. 


(2) 


The belt of negative maxi- 
ma that crosses India 
&om west to east in 
latitude ^ {vide Table 
following page 14). 


The Vindliya Moontaina 
cause northerly attrac- 
tion and (this cause being 
by itself insufficient) 
the conjunction of Hi- 
malayan attraction with 
oceanic repulsion tends 
perhaps to create maxima 
within this belt. 


No explanation. 


(S) 


The northern positive zone 
in latitude 25°. 


The attraction of the Vin- 
dhyaandAravalliMoun- 
tains and of the Deccan 
Trap draws the plumb- 
line away from the Gan- 
getic alluvium. 


No explanation. 


(*) 


The southern positive aone 
between the parallels of 
8° and 13^ 


The errors of the Clarke 
produce this zone. 


The submarine strata 
attract the plumb- 
line seawards. 


(6) 


The large deflections in 
Snb- Himalayan Begioos. 


The Himalayas, if uncom- 
pensated, would i^oduoe 
these deflections. 


No explanation. 


ii 


(6) 


The seaward deflections in 
longitude at all coast sta- 
tions. 


Ko explanation. 


attract the plumb- 
line seawards. 


P) 


The inward deflections in 
longitude at Amritsar 
and Mooltan. 


No explanation. 


The Indo-Gangetic al- 
luvium being over- 
compensated attracts 
the plumb-line away 
from the Himalayas. 
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The belt of negative maxima mentioned in the above scunmary is a remarkable feature of 
the table following page 14 : an examination of this table discloses the fact^ that between the 
parallels of 17° and 22^, whilst there is but one southerly deflection greater than l*^, there are 33 
northerly deflections greater than 4*^, 22 northerly deflections greater than 6*", 9 northerly deflec- 
tions greater than S^\ and 3 northerly deflections greater than 10^. South of this belt^ from 
latitude 17^ to latitude 8^^ &o northerly deflection as large as 6^ has been as yet discovered. 

Observed Deflections cannot be regarded as accidental. 

Observed deflections cannot be treated as accidental for two reasons : firstly ^ the persistence 
of sign indicates the existence of a common cause^ and secondly, small pockets of great density, 
sufficient to produce large northerly deflections at places to the south, should produce equally 
large southerly deflections at places to the north, and these reactions are only met with on rare 
occasions, e.ff. at Kesri and Bangalore. The observers, who took the latitude observations on 
the meridian of 80° '{vide table following page 14), and who from latitude 14° to 22° found a 
long succession of large negative values, ridicule the idea that each of these negative values is 
due to some separate local subterranean peculiarity : how is it they rightly ask, that we never meet 
with the opposite effects of these local hidden causes ? Every visible hill, that we know of, 
which exercises a northerly attraction on a southern plumb-line, will exercise a southerly attrac- 
tion on a northern plumb-line: and yet subterranean irregularities are readily assumed to 
account for inexplicable northerly deflections, and no corresponding opposite effect is demanded from 
them. If we examine the stations on the meridian of 74° from latitude 14° to latitude 24°, we find 
13 negative values to 2 positive, both of the latter being less than 1". On the meridian of 77° 30' 
between latitude 15° and latitude 24° there is no positive value. Can it be maintained that these 
loug successions of negative values are accidental ? 

The observed meridional deflections from south to north, if plotted graphically, degrees of 
latitude being measured on the axis of uc, and seconds of deflection on the axis of y, form an un- 
dulating curve. From latitude 8° to latitude 14° the deflections are positive ; in latitude 14° the 
curve cuts the axis of a and in latitude 20° attains a negative maximum (on all meridians) : it 
again cuts the axis of a? in latitude 24°, and after reaching a positive maximum in latitude 25° 
crosses the axis of ^ for the third time. The application of a negative correction to the funda- 
mental latitude at Kali^npur has the mere effect of lowering the axis of x with regard to the curve. 
The significance of the curve lies as much in its undulations as in its preference for the negative 
side of the axis ; a negative correction applied to the^ fundamental latitude eliminates the latter 
peculiarity but leaves the former untouched* 

V 

No tTieory of partial compensation of visible mountains and seas will suffice to explain 

the preponderance of negative deflections, that have been observed in Central India, 

or the latitudinal belt of negative maxima crossing India in latitude 20°. 

If we return to the summary of available evidence given in Table XVI (page loi), we find, 
speaking generally, that the latitude observations support the theory of " no compensation'', and 
that the longitude observations support the theory of '* complete compensation '' ; but this is not the 
whole difficulty, for some of the observed phenomena, e.g. the large deflections in Sub-Himalayan, 
regions, admit of no explanation, if we adopt the theory of complete compensation, and other of 
the phenomena, e.g, the seaward deflections in longitude, cannot be explained, unless we do accept 
that theory. When eonf routed with a direct conflict of testimony we have to infer, that there is an 
unknown cause affecting pur data, and rendering our conclusions abortive. In view of the fact 
that the deflections apparently change their direction on crossing the parallel of our station of 
origin, a natural suspicion is that our adopted ellipsoid of reference is causing errors in our 
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geodetic vahut. Before however the qnestion of the ellipsoid is considered, it is advisahle to Anti- 
cipate &n argament that vill assuredly occur to everyone : the theory of " entire compensatioa ", 
it Till be acknowledged, has heea shown to be insufficient to explain phenomena, and the theory 
of " no compensation " has been found to be similarly insufficient ; but it will be asked, cannot a 
compromise be effected, and will not a theory of "partial compensation" be found to satisfy all 
results ? This qnestion can only be answered in the negative : no hypothesis of a partial or irregu- 
lar compensation of the Himalayas or Ocean is sufficient to account for obserred phenomena. 

In Part I of this paper I suggested that the alternations of negative and positive zones, the 
nndalations of the curve, were possibly due to the joint attraction of the Himalayas and Ocean ; for 
this idea to be apheld, the Ocean must be shown to be repelling the plumb-lines landwards and to 
be causing northerly deflections in the meridian. The longitude results in southern India admit of 
so other conclusion but that the compensation of the Ocean is entire ; and we have to accept the 
inevitable corollary, that the Ocean is exerting no great influence on our plumb-lines in the meridian. 
When I attributed the alternation of zones to the joint effects of external mountains and seai, 
I did not foresee how unyielding to modification and explanation the longitude results would prove, 
and how impossible it was, in spite of their paucity and want of weight, to reject them. 

The dominant feature of the latitude observations is the preponderance of the negative sign of 
(A — O) between the parallels of 14° and 24° : the negative sign denotes that the deflections in 
southern latitudes are more northerly than at Kali&npur in latitude 31° 7'. li u evident then that there 
it tome powerful caute producing larger northerly defiectiont between latitude 14" and latitude S4' than 
between latitude 2-^ and latitude 23'. What is this cause, if it be not the Ocean? The Himalayas, 
whether uncompensated or partially compensated, cause a grater northerly deflection at Kali^pnr 
than at stations south of Eali&npur, and therefore tend to render all values of [A — Gj between 
the parallels of 1^ and 24' potitive : if the Ocean actually attracti plumb-lines toward* itself, as 
the longitude results lead us to believe, it will alto confer apotitive tendency on values of {A — G) 
south of the parallel of S'P. It is therefore clear that no theories of irregular and partial compen- 
sation suffice to explain the preponderance of negative values : the longitude resolts stubbornly 
impress upon us the initial necessity of admitting the entire compensation of the Ocean, and when 
thu admission is once made, no theory of partial Himalayan compensation will account for the 
absence of positive values of (A — G) south of latitude 24°*. 



* It M -deiirkble to obwrre for Loopitadc tt « ariani poiota klong the tmi>ooiitiaent«l btc* io that we may not be 
— ' 1 the reaulta at the tfrminali : it would be well to extend the Amritui^Mooltan Am outwards to the hilli, 
ana to meature an are in latitude 81° with one terminal near the HimalRTaa and the other at the foot of the Baluch 
^atean : the iBtertwB of (wo loogitude ftalioai IwtweeD Somba; sod Wsllair and between Msogalon tad Uadiu would 
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The Ellipsoid of Reference. 



TABLE XVII. 

VALTJES OF THE AXES OF THE BAETH. 





Date of 
determination 


Major Axis 
in feet 


Minor Axis 
in feet 


EUipticitj 


• 

Laplace ... 
ETcrest ... 
Airy 
Bessel 
Clarke 


1799 
1830 
1830 
1841 

* 

1880 


20919768 
20922934 
20923713 
20923600 
20926202 


20852822 

^0853375 
20853810 

20853656 

20854895 


T 


312*20 

I 


300*80 

I 


^99 33 
I 


299-15 
I 


«93'47 



In the following table are given the values of (A » G) in latitude^ when the Clarke and 
Everest spheroids are used^ and when darkens major axis is combined with Everest's value of the 
ellipticity^ and when Everest's major axis is combined with Clarke's value of the ellipticity. Everest's 
account of his deduction of the Figure of the Earth shows considerable uncertainty, and we might 
now have been using either the third or fourth spheroid of the following table : there is therefore 
nothing [extravagant in their conception^ and it is interesting to see the values of (A — G) in 
latitude^ with which we should have been confronted^ had one of these spheroids been perchance 
adopted in 1830. The northern positive zone is represented in this table by Dai&dhari^ the southern 
positive zone by Punnse^ and the belt of negative maxima by Takalkhera. 

TABLE XVIII. 



Stations 






Tallies of (A- 


- 0} in latitude 












on the Great Aro of 


Utitude 


Everest's Spheroid 


Clarke*s Spheroid 


Third Spheroid 


Fourth Spheroid 


India, Meridian of 77i' 




a - 20922982 


20926202 


20926202 


20922982 






1 


1 


1 


1 


" 8f)0-80 


293-47 


800-80 


298-47 







M 


m 


/If 


tf 


DehraDun 


30 


-38 


-37 


-34 


-40 


Kali&ua 


2g 


- 7 


- 6 


- 4 


- 9 


Daiadhari 


*5 


+ I 


+ I 


+ i 





KaMnpur 


34 


• • • 


• •• • 


. • • 


• •• 


Takalkhera 


21 


- 7 


- 7 


- 9 


- 6 


D&margida 


18 


- 3 


- 3 


- 5 





Namthabad 


15 


— I 


— 2 


- 6 


+ 3 


Punnae 


^ 


+ 2 


+ 2 


- 7 


+ 8 



105 



The table 

i.) 
iL) 



i 



(iii.) 

(IT.) 

(tL) 



shows 
that a large deflection always appears at Delira Ddiij 
that the Clarke and Everest spheroids both give a positive zone in South India 

at Punnse and another in Central India at Daifidhari^ 
that oil the third spheroid the positive zone at Dai&dhari is accentuated^ but the 

southern positive zone obliterated, 
that, if the third spheroid had been adopted no positive value o£ (A— Gb) would 

have now existed south of latitude 24?, 
that on the fourth spheroid the northern positive zone is obliterated, and the 

southern positive zone largely enhanced and extended, 
that the belt of negative maxima, crossinff the Great Arc at Takalkhera, is 

perceptible on every epheroid. 



In Part I of this paper the question was considered, whether it would be correct to apply 
the mean Indian value of (A — G) in latitude as a correction to the fundamental latitude of India. 
The above table shows, that, if the fundamental latitude of India is to be corrected by a mean 
value of (A— 0)j the amount of the correction will depend on the spheroid adopted. 



On the Everest spheroid 
Clarke 
third 
fourth 



9i 



9i 



»•• 



• •• 



• • • 



•-•• 



• •• 



• • » 



• •• 



••• 



•  • 



Mean Talue of (A — 6) 
omitting Himalayan 
stations 

- a -5 

-4-9 

— o '7 



A decrease of 1000 feet in the major axis of the fourth spheroid would suffice to render 
the mean value of (A— O) positive. 



When we come to calculate the geodetic values of the longitude arcs on the third and 
fourth spheroids, we find that they are mainly dependent on the length of the major axis and are 
not sensibly afEected by changes in the ellipticity. 







TABLE XIX. 







Aie 


1 


Valuei of (A - 


G) in Longitude 




Evereft'* 
Spheroid 


Clarke's 
Spheroid 


Third 
Spheroid 


Fourth 
Spheroid 




o 





f^ 


if 


if 


Madras-Mangalore ..< 


^s 


- 9 


- 6 

• 


- 6 


- 9 


Moulmein-Waltair 


»7 


-15 


- 6 


- 6 


->5 


Waltair-Bombay 


i8 


— lO 


- 4 


- 4 


— 10 


Chittagong-Earachi 


H 


— II 


+ 4 


+ 3 


— II 


Fyzabad-Quetta 


iS 


+ t 


+ 11 


+ lo 


+ » 


Amritsar-Mooltan 


3» 


+ 8 


+ 10 


+ 10 


+ 8 



to6 



If the Major axis is constairt^ the ellipticitj may be changed from ^^r ^ ^i? without the 
values of (A — G) in longitude being appreciably altered. The seaward deflections at Madras and 
Mangalore can be eliminated by an increase of 6700 feet in darkens major axis^ but such an 
increase will produce enormous positive values of (A — G) on the northern longitude arcs. 

The seaward deflections cannot therefore be attributed to^rrors of the ellipsoid of reference^ 
and mtist be accepted as established and real. Clarke's major axis is the most suitable for the 
Indian longitude arcs : any reduction of his value increases the (A — G) of southern arcs and any 
enlargement of his value increases the (A — G) of northern .arcs. 



Having been compelled to adopt Clarke's major axis to suit the Indian longitmdes^ we wish 
to learn^ whether we can eliminate the belt of negative maxima of (A ^ G) in latitude and the 
altemations of latitudinal zones^ and whether we can minimise the Sub-Himalayan deflections by 
introducing any particular value for the ellipticity of the spheroid. 

TABLE XX. 



fitatione 


Yaluee of (A — 


G) in latitude, employing Clarke's major aziB. 1 










on the Meridian of'77|° 


milinfinifv _ . 


1 


1 

293-47 


1 

289 


.^UipUoity-ij^^^,^ 


'300-8 






t * 

tf 


w 


V 


DehraDun • 


-31 


—35 


-37 


-39 


Kali&na > 


— % 


- 4 


- 6 


- 8 


Dai&dhari 


+ a 


+ I 


+ I 





Kali&npur .«^ 


% » w 


*« • 


« •• 


•■• . 


1 

Takalkhera 


—10 


- 9 


- 7 


- 7 


D&margida ... 


— 10 


- 6 


- 3 


— a 


Namtiiabad 


— la 


- 6 


— a 


+ I 


Punfflffi 


-17 


- 6 


+ a 


+ <J 



This table shows 

( i. } that the belt of negative maxima^ as represented by Takalkhera^ can only be 
•eliminated by the adoption of a value of the dlipticity considerably larger 
than ^, 
lluLt the reduction of large Sub- Himalayan deflections requires an ellipticity 



<u.) 
<(iii.) 
<w.) 



smaller than ^\^^ 
that a reduction of Sub-Himalayan deflections is necessarily accompanied by an 

enhancement of the preponderance of negative values in South India, 
that vice versa the elimination of the preponderance of southern negatives is 

accompanied by an increase of the Sub-Himalayan deflections, 
that the alternation of ^ones cannot be eliminated by any modification of the 

spheroid. 



It may therefore be concluded that our adopted spheroid is not a source of serious errorj 
JAd that the Indian observed latitudes favour the Clarke spheroid. 
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The inferred existence of a hidden chain. 



Two facts have been established on a fairly sound basis^ Istly, that on the coast of India 
there is a slight deflection of the plumb-line towards the sea^ and Sndly, that in Sub- Himalayan 
regions there is a marked deflection towards the Himalayas. The conclusions are that the 
Ocean is completely compensated, and that the Himalayas are not. Neither the assumption of a 
southerly local attraction at Kalidnpur nor the adoption of a modified ellipsoid of reference will 
eliminate the altematioo of positive and negative zones; and the existence of an undiscovered cause 
of deflections has been inferred. It is now suggested that this undiscovered cause is perhaps a 
great invisible chain of excessive density, traversing India from Balasore near the mouth of the 
Hooghly to Jodhpur in Bajputana, and underlying Mandla and Bhopal. I have repeatedly 
deprecated assumptions of subterranean irregularities of density, unless their existence be con- 
firmed by observations, showing, as at Moscow, the two opposite effects of the hidden cause. Such 
an objection however cannot be urged against the hypothesis of the subterranean chain described 
above, as in this case the two opposite effects are perceptible throughout. If we examine Chart 
No. 6, and the table following page 14, we shall find that between the parallels of 24^ and 26^ 
the plumb-lines are mostly deflected southwards^ and that between the parallels of 31^ and 18^^ 
the deflections are northerly and large. 

TABLE XXI. 



On the 

Meridian of 


Ike plumb-Iinee at 


■re deflected 


•jf 


Jambo and Chani&na 

• 


> 

14*^ inwards 


744° 


Jetgarh and Deo Dongri 


6*^ inwards 


/"<?• 


Gur&ria and Eanheri 


8*^ inwards 


If 


Dai&dhari and Badgaon 


9^^ inwards 


jS^ 


Salimpur and V&n&konda 


6'' inwards 


80° 


Favia and Sit&p&r 


10'*' inwards 


8a° 


Gurw&ni and Path^di 


6*^ inwards 


84° 


HuriUong and Khundfibolo ... 


16*^ inwards 


86° 


Chendwfir and Cuttack 


i»^ inwards 


88° 


Maluncha and Chandipur 


4*^ inwards 

• 



Throughont the entire length of the supposed chain the plumb-lines on either side of it 
are deflected towards each other. If this is the case, it may be asked, why was not such an 
obvions fact stated before ? The fact is not obvious : the very magnitude of the chain has con- 
cealed its presence : it only becomes apparent after examination and analysis. That deflections 
of the plumb-line are due to local attractions is the accepted idea : every unexplained deflection is 
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regularly ascribed to a cause hidden in the immediate vicinity. When we meet with a southerly 
deflection in latitude 27° aud a northerly deflection in latitude 18°^ we habitually prefer to assume 
two separate local causes to attributing both deflections to a distant central one. 

If the chain had traversed southern India^ its eflects would have been perhaps more 
perceptible^ but by an extraordinary coincidence it crosses India in the latitude of the fundamental 
station of the Trigonometrical Swvey, When deflections change their sign at crossing the parallel 
of the station of reference, it is but natural to suspect either errors in the ellipsoid of reference^ 
or the existence of great external sources of attraction; not until we have shown that no modification 
of the ellipsoid of reference is admissible, are we justified in accepting the inward deflections along 
the chain as real : not until we have proved that visible external sources of attraction are insufficient 
to explain phenomena, are we warranted in assuming an invisible cause.^ 

The chain by itself does not suffice to explain all phenomena, but if we imagine the effects of 
a chain superimposed on those of a far-reaching Himalayan attraction, the alternations of zonet^ 
the undulations of the curve, the belt of negative maxima will become intelligible. On the Oange- 
tic plain the attractive force of the chain is opposed to the attraction of the Himalayas, and 
though it may offer but a slight check to the latter, it successfully obscures true Himalayan effects. 
However large Himalayan attraction may be, its variation between stations in the plains 50 miles 
apart is small, and a chain capable of producing southerly deflections of b'^ would cause a 
positive zone, i.e. apparent southerly deflections at all those stations north of Kalianpur, at 
which the effect of the Himalayas was within 5^ of its effect at Kalianpur itself. South of the 
line Balasore-Mandla-Jodhpur the Himalayas and the chain combine forces, and after produc- 
ing a belt of negative maxima, or large northerly deflections, they continue to exercise attraction 
as far as Cape Comorin. The chain does not compensate the attraction of the Himalayas : it 
imposes a wave on the latter^s curve. 

The Balasore-Mandla-Jodhpur jjline traverses the hilly region of Central India, and the 
question naturally arises, whether the visible ranges of hills, the Rajmahals, the K^imurs, the 
Vindhyas, the Satpuras, the Aravallis, the Mah&deo Pah&r, are capable of producing the effects' 
attributed to the hidden chain. An examination of maps can only lead to the one answer, that 
the superincumbent masses of these mountains are insufficient to cause the observed deflections. 

On the meridian of 82° where the opposite and inward deflections are least apparent (see 
table following page 14) the mountains are most conspicuous. On the meridian of 80° where 
marked southerly deflections extend from latitude 23° LI' to latitude 26^ 54', and marked northerly 
deflections from 22° 18' to 18° 54', the Mandla hills are comparatively insignificant. 

On the meridian of 77^ 30' there is no apparent cause for the change in the sign of the 
deflections in latitude 24° : the average heights of compartments round Kalianpur are given between 
pages 27 and ^y, from which the general flatness of the country may be gauged. At Takalkhera a 
northerly deflection would certainly be expected, this station being situated only 20 miles south 

of the centre of the Mah&deo Pah&r range : using a density-ratio o f. ^^^ (which is equivalent to 

assuming the Mah&deo Pah&r rocks to have a density of 8*4), Colonel Everest calculated the 
northerly deflection at Takalkhera to be 5'' : if we employ a density -ratio of i, the calculated 
deflection will be 4'^ ; tlie actual observed deflection is 6'' 9. At Badgaon, 25 miles south of TakaU 
khera and 45 miles divstant from the Mahadeo Pab^r, the observed deflection is 7"*8. Even there- 
fore in this neighbourhood the. northerly deflections are not explained, that at Takalkhera being 
2^*9 greater than would be expected, and that at Badgaon, which is more distant from the 

* I acknowledge to hftve attached undue significance in the earlier parts of this paper to the fact that, the deflec- 
tions change their sign along tile j>ara{{e^ o/*/^ ^to^ton 0/ origin. In Part 1,1 attributed the change of sign along this 
line to the fact, that it was the parallel of Kalianpur. I now believe that the proximity of this line to the station of 
origin is an accidental coincidence. 
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moontaiuflj being greater still^. At L^i, north of the Malifideo PaMr^ the maps would lead 
one to expect a southerly attraction, bat the deflection is still northerly, being 5''^'3t. 

On the meridian of 73° there is no visible cause of the great deflections at Deesa and 
Chani^na: the kill of Mount Abu might deflect the plumb-line at Deesa by half a second : the 
Aravalli hills might be expected to deflect the plumb-line at Chaniana by S'^, but it is out of the 
question to ascribe the actual deflections of 8^'^ and 11^ to the unaided force of Abu and the 
Arayallis. 

It is instructive to study the vi^s of the astronomical observers, who took the latitude 
observations in the northern positive zone and in the belt of negative maxima, and who at the 
time of observation recorded their opinions of the probable effects of visible mountain masses. 
In 1883 Colonel Heaviside wrote — '^The country from Bamu4pur to Favia appears perfectly flat 
€1* * * the southerly attraction shown at Etora, Dewarsau and K^n^khera (meridian of 80^) 
'^ is unaccounted for ^^ : Mr. Eccles recorded, that he saw no reason for the large northerly 
deflections, that he discovered at Diwai^ Ankora and Burgpaili (meridian of 80°). Major-General 
Campbell did not anticipate a southerly deflection at Kesri, nor did Capt. Lenox Conyngham at 
Sironj (meridian of 77^°); Col. Herschel was not led from his study of the ground to expect a 
northerly deflection at Badgaon (meridian of 77^^), nor was Major-Oeneral Campbell at Lfidi. 

It may be concluded that the visible mountain ranges of Central India are of not sufficient 
mass to account for observed phenomena. 

The effects attributed to the chain may be partly caused by the Indo-6angetic alluvium, by 
the Deccan trap, and by the mountains of Central India, but they are mainly due to a hidden 
cause, that continues the line of inward deflections to the east and to the west^ into Orissa and 
Bajputana, where the trap and the mountains have ceased to be visible. 

The hidden chain appears to run parallel to the Hrnrtalayas. 

The Longitude arcs Agra-Karachi, Agra-Deesa, Agra-Mooltan and Amritsar-MooltanJ 
{vide Chart No. 11) appear to traverse some invisible source of attraction, and lead one to imagine, 
that tlie chain is bending in the Kajputana desert to the north-west, and thus maintaining a 
strange parallelism with the Himalayas. Tiie deflections shown by these four arcs, all of which 
traverse flat low-lying plains, are : — 

Agra-Karachi, plumb-lines deflected ... ia*''77 inwards 

Agra-Deesa j, ... la'^'So 

Agra-Mooltan „ ... 14'^* 95 

Amritsar-Mooltan „ ... io*''43 



if 



Other arcs in this region show no such inward deflections :— 

Mooltan-Karachi,plumb-line8 deflected %*^'0^ outwards 
Deesa-Karachi „ ... o''"o6 outwards 

Deesa-Mooltan „ ... a''* 09 inwards. 



* '* The (Badgaon) group/' writei General Walker, ** contains four stations whose distances range from 20 to 28 
" miles to the south of Takalkhera, all which show a still larger amount of northerly attraction. Here therefore there 
"must be not only an excess of yisible matter above ground in the Mabadeo plateau to the north, but a deficiency of in- 
"visible matter underground to the south." Philosoph. Transact. Royal Society, Vol. 186, p. 805. 

t The Nerbudda Valley intervenes between Ladi and the Mahadeo Pah4r, and tends to counteract the attraction of 
the latter on plumb-lines to tlie north: but the Nerbudda Valley is not a significant feature of land surface and should 
exercise no strong effect. The truth is that the interval between Ladi and Takalkhera ia too great, and an intermediate 
latitude is wanted at the summit of the Mah&deo Pahdr. 

{ The latitude and longitude of Agra, Karachi, Deesa, Amritsar and Mooltan are given in the lable following 
pAge 14. Karachi is showneon Chart No, 1, and Deesa, Amritear and Mooltan on Chart Mov 12. 
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The data are insufficient to justify a definite assertion, that the inward deflections on the 
Agra--Earachi, Agra-Deesa, Agra-Mooltan and Amritsar-Mooltan arcs are due to a continuation 
of the same chain, as has been inferred to underlie Mandia, Bhopal and Jodhpur ; never- 
theless it is clear that these arcs of longitude reproduce ' in the Punjab and Rajputana the 
same extraordinary result, as has been given by the latitude observations in Bengal aud the Central 
Provinces : south of the Himalayas the latitude observations have shown the existence of a hidden 
chain, that obscures Himalayan effects and deflects plumb-lines on either side of it towards itself : 
west of the Himalayas the Amritsar-Mooltan longitude observations disclose the existence of 
a hidden cause, deflecting plumb-lines towards itself^ and also perhaps masking Himalayan effects. 
On Chart No. 12 I have marked with a cross all places, at which a hidden source of attraction 
has been found to exist. Whether the cross in the Punjab, as shown on the chart, belongs to 
the same chain as the crosses in Bengal, is a question, which cannot be answered, until more data 
faiive been accumulated. On Chart No. 12 the boundaries of the Tibetan plateau and of the Sub- 
Himalayan region have been plotted. 

The effects of the hidden chain. 

To disentangle the effects of the Himalayas from those of the chain and to obtain defi- 
nite numerical ideas are operations complicated by the proximity of the chain to the station of 
origin : if as seems probable the chain crosses the meridian of 77^ 30' between Lfidi and Ahmad- 
pur , it would deflect the plumb-line at Kalianpur to the south. Though reliable numerical results 
cannot be deduced from the data at present available, the following attempts to bring about an 
agreement between the results of observation and theory serve to illustrate the tendencies of 
the data. The ocean has been shown to be completely compensated and may be omitted from 
consideration : the uncompensated attraction of the Himalaya Mountains has been calculated to 
produce approximately the following deflections at stations of the Great Arc of India, (page 94, 
Table X)*. 

TABLE XXII. 



Btationsf 
on the Meridian of 1*f\ 


Begions of which the 
stations are types 


Latitude 


Calculated 
Northerly 
Deflection. 

due to 
Himalaya. 


Calculated 

Differences 

from 

Funna 


Dehra Dun 
Kali&na 

Noh 

Daiddhari 
Kali&npur ... 

Lddi 

Badgaon 
D&margida 
Namthabad 
Punnae 


Sub-Himalayan 

. • . . • • 
Northern positive zone ... 
Ditto do. 

• • • . • • 
Belt of negative maxima 

Ditto do. 
••* ... 
• • t ... 

• • • ... 




80 
29 
88 
85 
24 
83 
81 
18 
15 
8 


722 

86-2 

88 

80 ' 

18-4 

17 

18 

100 

7 

8-4 


69 

88 

25 

17 

15 

13 

10 

7 

4 





> * The omission from Table XXII of the attraction of Continental India (page 94) is questionable. At Kaliinft 
Kali&npnr and Damargfda its effects are small : at PunnsB it produces a northerly deflection of S'^*?, but this effect should 
be excluded, because^ on the coast the deflections are slight and seaward, and the statement, that the Ocean is wholly 
compensated, implies* that th$ joint effbct of ocean aiid land at a station on the coast is slight. The doubtful point 
is the southerly deflection of 12''-6 at Dehra Dtin: the inclusion of this deflection would decrease the calculated Talue 
of the resultant northerly deflection at Dehra Ddn from 72'' to 60'^ The difference in the calculated deflections at 
Dehra Ddn and Kalfanpur would then be 42'' against SS'^ as observed. 80 close an agreement between theory and 
•bMiration would be a strong argument against the existence of any Himalayan compensation. 
t Interpolated etationt in italici. 



lit 

TbB observed Talaes of d^ctioni, as giren in the tabte following page 145 are not absolute 
Init diSereiitial from Kali£npur : as Kalifinpur is now suspected of being under the influence of 
the dMUBj it will be well to make Punnse the station of reference. 

TABLE XXIII. 



BUtion 


Obaerred differential Taluet of deflections 1 


With Kali&npur 
ae origin 


With Punn» 
as origin 


Dehra Dun 

Kali&na 

Noh 

Dai&dhari 

Kali&npur 

L&di 

Badgaon 

Damargida 

Namthabad 

PunnsQ 


-38 

- 7 


+ 1 . 


^ 5 

- 8 

- 3 

- I 

+ a 


-40 

- 9 

- a 

- I 

- a 

- 7 
—10 

- 5 

- 3 





The discrepancies between observed land calculated results, the Himalayas being assumed 
uneompemated, will be as follows :— - 

TABLE XXIV. 



stations 
oa (he meridian 
of 77* 8(/ : 



Dehra Ddn 

Kalifina 

Noh 

Dai&dhari 

Kali&npur 

L&di 

Badgaon 

D&margida 

Namthabad 

Funn» 



Latitude 



30 

a; 
U 

»3 
20 

18 
8 



»9 

31 

51 

38 

7 
8 

44 

3 
6 

9 



Differential Talues ol^ deflections 
with Punnft ar origin' 



As oalculatefi 
etdel^bleXXII 



-69 

-33 

-17 

-13 

- 10 

- 7 

- 4 
o 



As observed 
eu^ Table XXIII 



40 

' 9 

• H 

I 

10 

5 

3 

o 



'• Disorepancj 



29 

H 
23 

16 

13 
6 

o 

a 

I 

o 
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The eviden'ce of the existence of a compensation rests on the resnlts at stations situated 
between the parallels of 23^ and 30° : whilst the observations at these stations indicate consi- 
derable— ^almost entire — compensation^ those at Dehra Dun show that the attraction of the 
visible mass is compensated only to the extent of ffths or approximately |^ths. Too much 
weight should not be attached to the result at any one station; the elevation of the Himalayas 
may have been accompanied by great irregular compressions^ and Dehra Dun may lie south of 
a region of abnormal density : but there is nothing to lead us to suppose that this is the 
case ; the pendulum observations at Mussooree and Dehra Diin, far from supporting such an 
hypothesis^ have been held to show^ that deficiencies of matter underlie these Sub-Himalayan regions : 
and the latitude observations at Nojli^ Sark^ra^ Sirsa and Ramu&pur^ stations fifty miles from 
the Himalayas^ tend to indicate that the great deflection at Dehra Dun will not be found an 
isolated exception. The Himalayan curve on Chart No. 10 shows that, if the Himalayas exercise 
their full influence, the latter will be clear and unmistakeable in differential results at the extreme 
north of India only, and when we find an unmistakeable effect in differential results at the north 
of India, we cannot overlook its significance. 

In the following table are shown th^ discrepancies that occur between theory and observa* 
tion, if Himalayan attraction is assumed to be compensated to the extent of one-third^ one-half 
and two-thirds its normal force respectively. 



TABLE XXV, 



stations 


Duorepanciw between theory and obaenration, if Himalajan 
attraction is BMumed compensated to the extent of 


i-^ 


1 


l-rdB. 
8 


Dehra Diin 

Kali&na 

Noh 

Daifidhari 

Kali&npur 

L&di 

Badgaon 

Ddmargida 

Namtbabad 

Punnse 


• 

If 

- 6 

-13 

-15 

— lO 

- 8 

- a 

+ 3 
o 

o 

• • • 


+ 6 

- 7 

— lO 

- 7 

- 5 

+ I 

+ 5 
+ » 

+ I 

• •• 




+ 17 

— 2 

- 6 

- 5 

- 3 
+ 3 
+ 7 

+ 3 

+ a 

• •• 



It will be seen that discrepancies of IS'' and 15^^ continue to appear if the theory of a one^third 
compensation be adopted. The theory of a two-thirds compensation renders the effects of the 
chain approximately equal and opposite at Eali&npur and Ladij and also at Noh and Badgaon''^^ 
but it introduces a discrepancy of 17^ at Dehra Dun. 



* I am asBuining the diflorepancies between theory and obferration to be due to the inilaeDoe of the chsiik 



"3 

The expression " Himalajan Attraction '' has Utherto in this paper been assumei to com- 
prehend both the attraction of the Himalaya Mountains and that of the Tibetan plateau. If the 
uncompensated effects of this Himalayan attraction be analysed^ and those due to the Himalayan 
fanges separated from those due to the Tibetan plateau, the following results are obtained :— 

TABLE XXVI. 

CALCULATED DEFLECTIONS. 



BtataoBt 




Defleotiont due to 


Total 










HimalaTMi 
B«ng6f 


TilMUn Fktwn 


1 






iir 


'. 


m 


Dehra Dun ... 




19 


53'a 


yi-2 


Kali&na 




3 


33*a 


36- » 


Noh 




2 


26 


28 


Dai&lhari 




o*6 


J* 


19,'d 


Kali&npur 




0-4 


18 


18-4 


L&di 






16 


1$ 


Badgaon 




1 ^., 


J5 


»S 


D&margida .., 






lO'O 


lO'O 


Namthabad ... 






7 


7 


Punnas 


k ... 


... 

1 


3*4 


i-4 



If it be assumed that the Himalayan ranges are uncompensated!, and that the Tibetan 
plateau la partially compensated^ tha following discrepandea will remain between the results o£ 
calculation and observation. 

TABLE XXVIL 



I 

1 

Stotioa 

r 


DisorepMicies between calculhtion and obserra^ 
tion, the attraction of the Tibetan plateau being 




1 






0* 


i^ 


0- 


Dehra Ddn ... 


— la 


- 4 


+ 4 


Kali&na 


-14 


- 9 


- 4 


Noh 


-^5 


—II 


— 8 


Daiitdhari ... 


— 10 


- 8 


' -5 


Kali&npur ... 


- a 

— 2 


- 6 
4- I 


- 3. 
+ 3 


Badgaon . ... 
Dfimargida ... 
Namthabad ... 


+ 4 
+ I 

+ I 


•*■ 5 
1 + » 

4- I 


1 + 7 
4- 3 
4- 2. 


Punnse 
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The hypothesis, that the attraction of the Himalayan ranges is uncompensated^ and that 
t)iat of the Tibetan plateau is compensated to the extent of two-thirds its normal force, removes all 
gross discrepancies, and renders the etEepts of the chain at stations to the north and south of it 
approximately equal and opposite. It makes the crest of the chain cut the meridian of 77^ 30' 
in latitude 23^ 30', and it attributes to the chain a maximum effect of 8" at 200 miles north and 
south of its crest. 



Deflections +2^ 
at ground level 



+ 8"^ 



^8' 



-2' 




Normal 
density 



Normal 
density 



In the following tahle the possible effects of the chain are illustrated on the hypothesis 
that the attraction of the Tibetan plateau is compensated to the extent of two-thirds its normal 

force :— 

 - ij 

TABtE XXVIII. 



fiUtioa 


laittude 


Galoolated deflections due to 


Totkl 

deflections 

by 

theory 


Differential defleciions 
from Punns 


Discre- 
pancy 


HimalajMi 
Banges 


Tibetan 
Plateau 


Under- 
ground 
chain 


1 
theory 


By 

observatipn 






o / 


/f 


# 


* 


if 


if 


¥ 


n 


Dehra Dun 




30 19 


-19 


^18 


+.1 


-36 

1 


-35 


-40 


+ 5 


Kalian a 




39 31 


- 3 


—ii 


+» 


•^la 


— 11 


- 9 


— a 


Noh 




«7 51 


T * 


' ~ 9 ; 


+7. 


■»- 4 


- 3 


— a 


^ I 


Dai&dhari 




M 38 


-r I 


- 6 ' 


+4 


•*■ 3 


— a 


— I 


— 1 


Kali&npur 




24 7 


-r 0-4 


- 6 


+3 


r 3 


— a 


— % 





Lfidi 




23 8 


1 

I 


- 5 


-3 


-.- 8 

1 


- 7 


- 7 





Badgaon 




ao 44 




- 4 


-7 


-^11 


-p,IO 


— 10 





D&margida 




18 3 


^•» 


- 3 


— » 


t 5 


- 4 


- 5 


+ I 


Namthabad 




15 6 


<•• 

1 


- a : 


--I 


"*• 3 


— 2 


- 3 


+ I 


Punnse 




8 9 


<•• 


t 

— I 





ft 


••• 


• • • 


• • • 
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This attempt to disentangle the effects of the chain from those of the Himalayas — 
the effects of the obscuring cause from those of the visible and compensating causes — is put 
forward as an illustration of the data and not as a solution of the problem. The point for 
which I contend is the recognition of the possible existence of an underground chain in Central 
India, and of the consequent obscuration of true Himalayan effects : this paper seemed incomplete 
without a reference to numerical results, but no stress can be laid on the latter"^. If the 
northern slope of the chain be assumed almost vertical, and the southern slope almost hori- 
zontal, the opposite effects of its attraction will not be equal at places equidistant from its ridge : 
such a chain will create a positive zone north of latitude 24°, but its negative effects to the 
south, though perceptible to a greater distance, will be less marked : the gradual decrease in 
the northerly deflection of the plumb-line, that has been observed to continue through 800 miles^ 
from Badgaon to Punnse, from the belt of negative maxima to the southern positive zone, (Table 
XXIII, page III) will then be mainly a Himalayan effect. 

If we regard the Indo-Oangetic alluvium as an ocean, we find that its southern shore 
overlies the position of the chain : and we see that plumb-lines on this sea of sand and plumb- 
lines on the main land to the south are deflected towards the coast area, in which the change of 
elevation from the lower strata of the alluvium to the summits of the Vindhyas occurs : on 
the north of the sea of alluvium the deflections are towards the area, within which the Himalayas 
rise from the level of the sea to the level of the snow : on the eastern, southern and western 
coasts of India the plumb-lines hang outwards towards that area, within which the submerged 
cliffs drop from the level of the shore to the depths of the ocean. If then we can say, that the 
areas in which great changes of elevation occur are generally sources of attraction, we reconcile 
the contradictory effects of mountains and seas. 

Dehra Dun : 
December 190L 



* Tke numerical results are baeed on an unwarranted assumption, ot2., that the northern and southern slopes of the 
underground chain are inclined at the same angle to the Tertical; if, as is probable, the cross-section of the chain is 
irregular in outline, the deflections will not be equal at equal distances north and south of its crest. 
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The following is Captain Lenox Conyngham^s description of the ground and country round 
Ealidnpur :— 

Kalidnpur Oraup. 

The main feature of the tract of the country in which the stations of the Eali&npur group 
lie is the plateau, about 200 feet higher than the surrounding country^ whicli^ spreading widely 
to the north, narrows down to a wedge and ceases a little to the south of K&mkhera. The average 
height of the plateau above mean sea-lerel is about 1^700 feet. 

The stations of Daiidhariy Surant&l, Eali&npur, Losalli^ Tinsia and Kfimkhera are on the 
plateau. The N. E. End of the Base and Bhaorftsa are in the plain to the east and Ahmadpur ou 
an isolated hill which rises out of the plain to the south about 15 miles from the southern end of 
the plateau. At Dai&dhari the width of the plateau is so great that it appears to be merely a level 
plain. Surant&l and Kali&npur are on the eastern edge^ Tinsia on the western^ K&mkhera on the 
southern, while Losalli is ia the middle. 

The immediate surroundings of the stations are as follows :— 

Baiddhari, Height above mean sea-level 1,867 feet. The station stands on the 
highest point of an unimportant isolated hill about 100 feet above the surrounding plain. The 
top is fairly level and about 50 yards wide by 150 long, the direction of the length being north 
and south. The station is at the northern edge. Similar small hills are scattered over the country 
at intervals, the nearest being about 1| miles to the north; with the exception of these small hills 
the country is flat. 

Bhawrdaa. Is situated on the highest point of a small rolling hillock of sand-stone, 1,887 
feet above mean sea-level, which rises very gently from the general level of the plain to the 
soath and west but falls more abruptly to the north and east. The Betwa river runs by the 
eastern end of the hill at a distance of about 1^ miles from the station. The height of the station 
above the general level of the plain is under 100 feet. 

N. E. End of the Base. The station lies in the plain to the east of Ealifinpur and is 1,481 
feet above mean sea-level. The plain is perfectly flat and the horizon almost unbroken except 
to the west where the edge of the plateau rHfes slightly above it. 

Kalidnpur, The station, which is 1,765 feet above mean sea-*level, is on the highest of 
« series of rolling hills or downs which form tlie eastern edge of an extensive plateau about 170 
feet higher than the plain to the east. The edge of the plateau runs north and then north-east 
and disappears in the distance; it is somewhat higher than the central parts and more undulating. 
The town of Sironj lies about 2\ miles to the south-east. 

Sirantdl. He sitmation of the station is very similar to that of Eali&npur. It is 1,802 
feet above mean sea^leveL It is from « point very near this station that the edge of the plateau 
treads towards the east. 
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Losatti, Is situated 1^749 feet above mean sea-level and in the middle of tbe plateau in 
perfectly flat ground^ which is slightly lower than the undulating country to the west. 

J^nsia. Is situated very similarly to Kali&npur but on the western edge of the plateau. 
It is 1^776 feet above mean sea-level. The station is surrounded for miles by dense jungle^ but 
is not far from a track which runs from Sironj to the valley of the Parbatti. 

• 

Kdmkhera. Is on a flat-topped hill near the southern end of the plateau. Its height is 
1^780 feet above mean sea-level. 

Ahmadpur, Is 1^715 feet above mean sea-level and is situated on a conspicuous hill of 
almost solid rock^ which rises to a height of over 200 feet out of the low plain to the south of 
the Kaliinpur plateau. The ascent from the east is easy but on the other sides somewhat precipitous ; 
there are many similar hills at intervals on every side but none so l^ge. The nearest is a small 
one about 2 miles to the south-east. The plain between K&mkhera and Ahmadpur is about 1^430 
feet above mean sea-level. 






APPENDIX II. 
BBSULTS OP THE AZIMUTHS OBSBEVBD IN INDIA AND BURMA. 



\ 



NoTB. — ^The computed Azimuths are based on General Walker's derived Azimuth of Surantal at' 
KalL&npur, viz,^ 190° 27' 5" 10. The last two columns show the combined eiiect of local attraction in 
the Prime Vertical and of the azimuthal error accumulated in the Principal Triangulation, vide page 19. 
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amm 


Station 




Date of Observation 


Lati- 
tude 
North 


Longi- 
tude 
, East 
of Green- 
wich 


Height 

above 

Sea 

Level 


Observed 

Computed 

Azimuth 

-(A-G) 


(A-G) 


f 




LosaUi 


B. 


January 1849 


1 
••• 


/ 
34 6 


/ 
77 3^ 


feet 
»749 


+ «-37 



W. 306 






Salot 


H.8. 


March 1849 


••• 


H IS 


77 17 


1834 


- 0-73 


B. 1-63 






MiLUL-ki-hto^ 


f* 


April 1849 


••• 


H 14 


76 39 


1645 


+ 0^07 


W. o-i6 


1 




GuHbia 


n 


Not. and Deo. 1840 ... 


S4 a6 


76 7 


1360 


- 0"H 


E. 0*34 






B&mpara 


» 


November 1849- 


... 


24 tg 


75 a9 


1920 


a* 00 


0*00 






Aramlia 


8. 


February 1850 


•«. 


H »S 


75 « 


»53« 


+ 1*^73 


w. 3-79 






Sind 


H.S. 


February 1850 


••■ 


«4 43 


74 35 


1910 


•V 3*90 


n ^'30 






Tiki 


M 


January 1851 


••• 


H 5^ 


73 53 


3369 


■f »-6i 


•» 56" 


IJ 




Einnagai 


» 


December 1850 


•.* 


H S8 


73 ai 


3607 


- 417 


B. 8-96 


H 

% 

s. 

Q 




1 


G6ra Rikkar 

Birona 

Khankhavia 


It 

a 
If 


November 1850 
November 1851 
March and April 


... 

.*• 

1861 


H 39 

34 27 

U 37 


7« 49 
73 16 

7» 56 


5650 

<i73 
363 


•I* 0*96 

— 1*65 

- 1-87 


W. 1-09 
E. 3 63 
II 4-o8 


< 


a 


SarU 


M 


November 1851 


••• 


H 47 


71 37 


»3» 


-1- »-86 


W. 6*19 


0^ 


1 


DidiLwa 


H.S. 


December 1851 


»•• 


H S» 


71 31 


313 


■I- I'i6 


II »-50 


• 
• 




Vir^ffia 


It 


Deeember 18S1 


••• 


H 57 


7« 5 


460 


+ i'76 


n 3-78 






L^nki 


•1 


December 1851 


••• 


«4 S« 


70 4» 


5W 


+ i'44 


II 309 






Bojhia 


n 


December 1851 


t*» 


a4 57 


70 17 


5'8 


+ 0-05 


n- ••" 






Chinga 


II 


January 1852 


••• 


M 59 


69^ 54 


349 


- 3-7» 


JL 7*^98 






MaiWLb-ka-ShaharT.8. 


Januaiy 1852 


••» 


«4 5» 


69 33 


44 


— P«03 


«• 0-04 






Khori 


91 


February 1852 


••• 


«5 t 


69 6 


63 


- 1-53 


If 3-a8 






AUmkhin 


w 


December 1852 


••• 


H 50 


68 46 


67 


■f- 1-07 


W. 4-47 






Ch^li 


II 


January 1858 


••• 


*4 46 


68 36 


7» 


+ 3*69 


ti 5"8> 




• 


Urothol 


H.S. 


Febmary 1858 


.*■ 


H 54 


67 56 


260 


+ 0*14 


H 030 




* InituJ Aiimotli £taUoii. 
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D*t« of Obaamtian u ^i. B^ut q Comp 
Nortli I en ''6" i.i . 

I I -» r£?""li"«ilj*,T 



ti 



APPENDIX n. 



o 

QQ 



Series 



Station 



Date of Observation 



Lati- 
tude 
North 

-4» 



Longi- 
tude 
Bast 
of Green- 
wich 



Height 

aboye 

Sea 

LeTel 



Obserred 

minus 

Computed 

Azimuth 

-(A-G) 



(A-O) 

X cot f 



8 
••* 

5 
i 

Hi 



Calcutta Longi* 
tudinal 



East Coast 



Bider Longitu- 
dinal 



Budhon 



H.S. 



Rangir H.S. (old) 
Amua E.S. 



)) 



99 



»} 



Kar&ra 

OuTW^ni 

Q^ora 

HurfUong ,, 

ChendwILr H.S. (old) 

Parasn&th H.S. 



Tilabani 
Malunoha 
Madhpur 
Aknapur 



>t 



n 



T.S. 



M 



Calcutta Base-line, 
S. End T.S. 



Patna 



T.S. 



» 



Chandipur 

Cuttack H.S. 



Khundiibolo 
R&wal 



91 



91 



Yizagapatam Base- 
line, N. End S. 



Pirmulo 

V&n&konda 

Sing&w&ram 

Kalingkonda 

S&njib 



H.S. 



19 



91 



99 



n 



March 1864 
January 1834 
January 1834 
April 1842 
December 1845 
December 1845 
Dec. 1848 & Jan. 1849 
December 1848 
December 1850 
December 1845 
April 1844 
December 1868 
March 1869 
Deo. 1844 & Jan. 1845 



April 1852 
December 1854 
October 1854 
January 1857 
Deo. 1859 & Jan. 1860 
Jan. and Feb. 1868 ... 



February 1869 
Feb. and March 1869 
February 1871 
January 1872 .., 

December 1860 



34 S 




78 


34 


feet 
1867 


'24 


79 


28 


1180 


24 


80 


32 


2113 


24 5 


81 


18 


1966 


24 I 


82 


20 


2083 


24 5 


83 


17 


1828 


24 2 


84 


24 


1378 


23 57 


8s 


29 


2820 


23 S8 


86 


II 


4481 


23 25 


86 


36 


1329 


23 54 


87 


8 


970 


23 ID 


87 


47 


180 


22 54 


88 


6 


98 


22 37 


88 


25 


13 


21 47 


87 


M 


80 


21 37 


87 


5 


5« 


20 29 


8S 


54 


*32 


«9 5' 


8S 


I 


3115 


18 32 


83 


36 


874 


18 I 


83 


16 


181 


17 S3 


78 


38 


2093 


17 36 


79 


25 


1664 


17 45 


80 


59 


714 


«7 SO 


8a 


21 


4634 


n 3« 


8a 


44 


2142 



- 0*29 

- 14-29 

+ 0*68 

- 8-37 
+ 1*90 

- 661 

- 9'io 

- 4-08 

- S"99 

- 3'73 
^ 8*06 

- »-59 

- 6*70 

- 9*25 



- 7'44 

- 496 

- 339 

- 4-91 

- 2*l8 

- I '93 



- 2'$0 

- 2*3© 

- 3*22 

- 1-38 

- 1*57 



E. 0-65 

,. 32-10 
W. 1-53 

B. 18 73 
W. 4-26 

E. 14- 79 

«i 2041 

n 9'19 

ft 13*48 

„ 8-6i 

„ 18-19 

H 3'72 

„ 15*86 

» 22*20 



E. 18*62 

„ 12 62 

99 9 08 

99 13* 60 

» 5*50 



•f 



5 93 



B. 7-75 
.. 7*25 
,, 10*06 

4-29 



1} 



If 



497 



APPBNiax n. 



TU 



c 
o 

CO 


Series 


Station 


Date of Obeervation 


Tiati- 
tude 
North 


Longi- 
tude 
Saet 
of Green- 
wich 


Height 

above 

Sea 

Level 


Observed 

minus 
Computed 
Azimuth 

-(A- a) 


(A 

X 


-G) 

cot ^ 


« 

1 


' Jabalpar Meri> 
dional 


Karaundi 
Sarandi Pat 
Bbfrnsain 


H.S. 


Jan. and Feb. 1865 ... 
March and April 1865 
December 1866 


o 
20 


/ 

II 

58 


/ 
80 2 

80 6 
79 49 


feet 
1625 

1627 
1490 


n 

- 3*9" 

— i"i9 

— 1*02 


E. 

it 
it 


913 

2'9I 

2-66 


i 




Diwai 


9» 


January 1867 


19 


SO 


79 35 


967 


— 2*42 


a 


6*71 


J 




Burgpaili 


$» 


February 1867 


i8 


54 


79 44 


983 


- 2-65 


a 


7-74 


H 

ft 
< 
D 

a 

&3 


Bilaflpnr Meri- 
dional 


Pathifdi 
Bamai 


T.S. 
H.S. 


December 1871 ••• 
December 1872 


21 
20 


49 
57 


82 19 
82 II 


879 
>3«3 


— 2*46 

- a"49 


E. 


6*15 
6-50 




Kark 


»f 


January 1878 


>9 


12 


82 10 


2014 


- 2'28 


a 


6*55 


• 

V 


South Maldncha 
Meridional 

 


EaisLbhinga 


T.S. 


December 184d 


32 


20 


87 II 


303 


— 2*20 


B. 


5*36 


f 


- North-East Lon- 
gitudinal 


EalUnpnr 
BamuipurT. S. 


T.8. 

(old) 


March and April 1850 
December 1838 


28 
28 


35 
«3 


79 47 

80 31 


629 
546 


- 1-38 

— 0*17 


E. 

n 


a*53 
0*31 






Misi 


T.S. 


Deo. 1849 & Jan. 1850 


27 


38 


81 26 


426 


- 5-80 


a 


II '08 






Baniidfla 


i> 


April 1849 


27 


M 


82 19 


377 


- 4-08 


M 


7-87 






Naonangarhi 


8. 


June 1852 


26 


59 


84 26 


344 


- 736 


1) 


14 46 






Chdni 


T.S. 


December 1846 


26 


II 


87 5 


197 


- 9-05 


«• 


18*41 


Hi 




B&mganj 


it 


Deo. 1862 & Jan. 1858 


26 


»9 


88 20 


249 


— 10' 16 


l> 


ao-54 




Bndhon Meri- 
dional 


Gdrmi 
Bankrio 


T.a 


December 1842 ..• 
February 1848 


26 

28 


36 
2 


78 33 
78 35 


575 
670 


- 1-5" 

+ 1*40 


E. 

W. 


3' 02, 
2 63 


t3 


- 


Sirsa 


M 


February 1848 


28 


55 


78 35 


739 


- 4-»3 


E. 


7-66 


• 

!Z4 


Ba«gfr Meri- 
dional 


Huhammadaba 


dT.8. 


December 1840 

• 


27 


18 


79 «8 


565 


+ 7-67 


W. 


1486 






Anraa Meridional 


NimUr 


T.S. 


April 1838 


a; 


21 


80 32 


486 


+ 4-65 


W. 


8-99 


« 


Ear4ra Meri- 
dional 


Pabboea 
Sora 


H.S. 
T.S. 


June and Jnly 1845 ... 
October 1845 


25 

26 


ai 
17 


8i 9Z 

81 15 


5«5 
409 


- 327 

■^ 4-50 


E. 

W. 


6*90 
911 




vm 



APPENDIX II. 



•1 

CQ 


* 

Series 

> 


Station 


Date of Obserration 


Lati- 
tude 
North 

- 4> 


Longi- 
tude 
Ka«t 
of Green- 
wich 


Height 

aboTe 

Sea 

Level 


Observed 

minus 

Computed 

Azimuth 

-(A-G) 


(A-G) 
X cot ^ 




Gurwftni Meri- 
dional 


Mar^ 
Bieaul 


T.S. 


1 

April 1846 

Jan. and Feb. 164^7 ... 


o 

26 


41 
4< 


/ 
82 17 

82 23 


feet 
371 

342 




4-30 


E. 813 
» 8-56 




Gora Meridional 


Hirdepur 


T.8. 


March and April 


1S46 


25 


M 


83 17 


289 


_ 


4*03 


E. 8 49 






Samenda 


>i 


December 1846 


... 


26 





83 16 


a8s 


— 


2*22 


»» 4-55 






Rljdbiri 


n 


April ia47 

1 


• a. 


26 


54 


8s 18 


296 


— 


4.32 

1 


» 852 




Hurilaong Meri- 
dional 


Mcdnipur 
Jalalpur 


T.S. 

it 


February 1850 
February 1852 


1 


25 

26 


5 
4 


84 25 
84 26 


335 
232 


— 


^•74 
1-38 


E. 14*40 

» 2-82 


'{Continued). 


« 

Chendwir Meri- 
dional 


Fota 


T.S. 


April 1846 


**• 


26 


as 


85 a9 

% 


222 


- 


» 

•6-38 


E. 12*86 


J. 


North P^asnath 
Meridional 


Bicbwi 


H.S. 


December 1851 


a .* 


«S 


10 


86 1 1 . 


321 


** 


6*27 


B. 13-34 




North Maluncha 
Meridional 


Sirkanda 

ff 


T.S. 


April 1846 


.. . 


as 


28 


«7 11 


tsa 


— 


662 


E. 'i3'90 


N. E. QUAD 


Calcutta Meri- 
dional 


Anandb^s 
Madhupur 


ir.8. 


Dec. 1845 ft Jan. 
December 1846 


1846 


as 
^3 


57 


88 25/ 
88 32 » 


67 
92 


- 


7-96 

9'34 


E. 18*44 
II 21*03 




Sast Calcutta 
Longitudinal 


Daulatpur 
^Gangapur 


T.8. 

n 


December 1JB68 
April 1866 


• •a 
... 


«3 

«3 


9 



89 45' 

90 30 


60 

54 


— 


4 "67 
6-88 


E. 10*92 

„ l6-2I 


1 


• 


Lakhinagar 


n 


December 1866 


. . a * 


«3 


1 


90 48' 


5« 


— 


1*66 


» 3-9* 




Brahmaputra 
Meridional 


Tepri 
Alo&k&ndi 


T;S. 
>> 


December 1868 
March 1873 


. .  
... 


as 
24 


57 
45 


89 55 
89 41 


67 
88 


- 


7 '40; 
862 


E. i6*66 
II 18 70 






iSalk^har 


t» 


April 1873 


.. i 


as 


.10 


89 45'^ 


103 


— 


I«'27 • 


n 26-11 


• 


Eastern Frontier 
(Section 23° to 
^ 26°) 


Bangranoba 
Dawa 


fi.S. 


Oct. and Not. 1861 ... 
Dec. 1863 ft Jan. 1864 


as 
as 


«s 

45 


91 46 
9' a3 


4455 
aos 


— 


9*6i 1 

7-28 


E. 20*38 
« >6-5s 



APPENDIX H. 



H 



.2 

o 

« 



Beriet 



Station 



Date of Obserration 



Wo 



Awaiii LoDgitu- 
dinal 



O 

H 
PS 

H 
P 
O 
CO 



Great Arc Men- 
dional (Section 
S^toltf) 



Bombay Longi- 
tudinal 



South Konkan 
Goait 



Kangalore Meri- 
dional 



Atoio B4nki T.B. 

Alangjini „ 

Baikuani H^. 

Eodangal 8. 

DaWir H.8. 

Bangalore Base-line, 

S.W. End 8. 

Bangalore Baae-line, 

N.E End S. 

Eanjamalai H.S. 

Pachapilaiyam Sta- 
tion 

Kutip&rai 8. 



B^hipuram 
Kudankulam 



Achola 

NitaU 

Eanheri 

Alsunda 

Kh&npisnra 

Dhanleehyar 

M&ndvi 



Miiya 

Chankola 

Eumbb^ 



PiohTad 

Karabgati 

Eoramdr 



M 



U 



H.S. 



»> 

n 
u 
n 



H.a 



H.S. 



Dec. 1866 & Jan. 1866 
February 1874 
NoTember 1868 



January 1872 
March 1871 
May 1870 
May 1870 
Not. & Deo. 1869 
February 1870 
December 1873 
March 1869 
March 1869 



Deoember 1840 
NoTcmber 1840 
Deoember 1887 
March 1868 
October 1846 
April 1838 
March 1841 



October 1844 
December 1848 
January 1844 



n 



March 1866 
December 1866 
March 1878 



Lati- 
tude 
North 



Longi- 
tude 
East 
of Green 
wich 



o 
26 



5 



25 59 

36 8 



17 8 

i6 14 

'3 » 

«3 5 

" 37 

II o 

9 »9 

8 17 

8 10 



i8 IS 

i8 17 

18 30 

18 37 

18 46 

18 36 

18 38 



17 3 
'5 56 
15 9 



»7 3« 
16 8 

14 8 



89 31 

89 48 

90 43 



7 41 

7 4» 

7 37 

7 4» 

8 6 

7 40 

8 3 
7 45 
7 44 



7 » 

6 19 

5 46 

5 3 

4 49 

4 " 

3 35 



3 18 

4 a 

4 30 



4 4* 

4 50 

5 « 



Height 

above 

Sea 

Leyel 



feet 
133 

143 
803 

1906 
1796 
3126 
3016 

970 

35 » 
170 

177 



3274 
2289 
2610 
2163 

2751 

2939 
4121 



473 
3794 
3898 



3138 
2544 
2525 



Observed 

minuM 

Computed 

Aximutli 

-(A-G) 



(A-G) 
X cot ^ 



— II'I4 

— 10*78 

- 11-97 



- 4" 00 

- 4*99 

- 567 

- 5*44 

- 7*57 

- S'8o 

— 8*I3 

- 6-74 

- 8-48 



3*73 

637 
4-69 

5-41 
6-66 

3*97 
6'37 



+ 1*36 

T- »'65 
+ 0*09 



n 

B. 32*76 

„ 33*13 
» 24-40 



B. 13*98 

« i7'"4 

»» 24*53 

It 23-41 

» 36-82 

>» 29 84 

„ 48 61 

It 46-30 

» 5909 



B. 8-35 

II. 19*28 

II 14 '03 

,1 16*32 

II 19*60 

II "'9' 

„ 18-89 



W. 4*11 
B. 9*38 
W. 0-33 




APPBNBIX II. 



1 i 8eriM Btition Drto of ObwrniUon 


Uti- 

North 
-  


Sut 

!>E Green- 
wich 


Saigbt 

Sra 
Ut«1 


WilMU 

Coropul<rf 

Aiimuth 
-.{A - Q) 


(A-O) 
^cot* 




i6 16 


So 8 


144 


- 4-83 


K. 16-38 




.S S6 


79 S9 


.010 


- 6-04 


» >i-i6 


.. 


14 •; 


79 48 


458 


- A- SO 


.. .7-46 


 


"7 iJ 


8. .5 


68j 


- 6-13 


» 10- 11 




» SI 


79 36 


'99 


- j-ts 


B. 14-33 


.. 


II 8 


79 »J 


>S8 


- i-i; 


» 11-03 


.. 


10 i8 


79 'S 


110 


- 7-69 


» 4J-6.) 


.. 


9 46 


78 58 


!*• 


- 9-41 


.. 54-67 


- 


9 11 


78 S» 


48 


- 7 97 


» 48-31 




11 51 


74 S3 


18s 


- yto 


B- »3-S7 




'3 * 


76 3' 


3140 


- 7*4 


» 33-O0 




11 S6 


79 »6 


9*3 


- S-4B 


H *3-86 


.. 


'3 o 


8« M 


150 


- 4-»4 


. .0-96 




" SS 


So 18 


19 


- il-.i 


» ""33 


.7 


11 49 


IS *3 


'834 


- •■44 


B. I '05 


" 


»« 44 


75 M 


tiiS 


* 4-68 


W.H-36 




11 S* 


73 S6 


911 


+ 0-70 


W. 1-66 




to 43 


73 59 


S'40 


+ 1-16 


.. S-98 


.. 


*o 33 


7» 59 


(i.4 


+ lO'Si 


„ 18 '86 




«9 3* 


73 4S 


S400 


+ o-ot 


„ 0-06 


„ 


It 4S 


71 1 


404 


+ »-i9 


W- 5-45 


•• 


11 39 


7» 59 


til 


+ 076 


.• »-9i 


.. 


*3 7 


7. 48 


IJO 


+ 3-75 


W. 8-78 




" SI 


7' 5' 


151 


+ i-i8 


.. »;9 




13 17 


69 5 


696 


- S''» 


K II -80 



APPENDIX 11. 



XI 



1 


Series 


Station 


Date of Observation 


Lati- 
tude 
North 

= 4> 


Longi- 
tude 
East 
of Green- 
wich 


Height 

above 

Sea 

Leyel 


Obserred 

minue 

Computed 

Azimuth 

-(A-0) 


(A-G) 

X cot ^ 




. BnrmB Gottat* 


Semu Tia 


H.& 


January 1865 


..• 


o / 

22 49 


f 
91 SO 


feet 
226 


- 7-36 


B. 17-49 






FiTin 


19 


December 1866 


... 


21 49 


92 11 


563 


- io'9© 


99 27-23 






Dattaong 


M 


Not. and Deo. 1866 ... 


• 

20 13 


93 4 


455 


- 3-41 


99 .9*26 






Taungzun 


n 


March 1884 


•*• 


16 26 


97 43 


854 


- n-73 


99 43- «6 






Southern MoscoB ,, 


December 1877 


• •B 


13 SO 


97 S8 


1186 


— 10*14 


99 41 -18 






Mergui Base-line, 
East End T.S. 

Mergui Base-line, W. 
find T.S. 

Natkalintaung H.S. 


January 1882 
January 1882 
December 1881 


1 

**• 

• •■ 


12 22 
12 22 
12 26 


98 49 
98 46 
98 46 


20 

18 

888 


- 10-59 

— 10*90 

- ID- 79 


99 48-30 
99 49*7' 
99 48-94 


- 




Minthantanng 


>i 


December 1881 


... 


12 20 


98 SO 


1054 


- 11-43 


99 52-28 


< 


llandalay Meri- 
dional* 


Myajabepgkyo 
Toungoo 


H.S. 
S. 


Norember 1889 
February 1890 


• a. 
... 


18 '22 

18 56 


96 2S 

96 28 


1411 
186 


- 12*03 

- »5'79 


B. 3^-23 

99 46-03 






Letpataung 


H.S. 


February 1891 


... 


»9 .54 


9^ 3> 


3975 


- i6*99 


.9 47-80 


w  




Tattngpila 


99 


March 1891 


• a. 


20 42 


95 56 


1012 


- IfOO 


99 29-11 






Mingnn 


99 

• 


February 1892 


.•* 


a« B 


96 2 


"343 


- 14-98 


.9 36-98 






Sheinmaga 


19 


February 1892 


«»« 


22 17 


96 I 


456 


- 1658 


99 40-46 






Mal^ 


99 


March 1892 


... 


23 3 


96 


848 


- 14-43 


19 33-91 






Uby^taung 


»9 


April 1894 


... 


23 41 


96 


2766 


- 11-58 


99 26*40 






Thonbinzin 


•9 


February 1894 


.•« 


24 14 


96 I 


193a 


— 15*21 


99 33-79 






Seikpa 


99 


Januai7l896 


*»* 


24 36 


95 48 


3857 


- I9'02 


H 4»-S4 




Manipur Longi- 
tudinal* 


Tamunja 
Thyoliching 


H.S. 

19 


March 1896 
December 1898 


• f • 

... 


24 39 

25 


94 39 
94 46 


33»1 
6566 


- 6*76 

- 8*68 


K. 14-73 
H i8'6i 


V 




Loijing 


99 


February 1899 


• •• 


24 44 


93 46 


663s 


-* 9-36 


99 20*32 



* The quantities entered against this Series are preliminary yalaes. 

KOTS:~H.S. signifies Hill Station (Principal). 

S. „ Station (Principal) in the plains. 
T.S. „ Tower Station (Principal). 
Tn. 8. a, Trestle Station (Principal). 
F.S. If Platform Station (Principal). 
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